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ABSTRACT
Problems arising from a disparity in viewpoints regarding the surface form of the
Tsondab Sandstone Formation, central Namib desert, Namibia, are examined
through literature review and field investigation. It is shown that large distal
low-angle fans, proposed in what has been termed the Low-Angle Fan :Viodel,
are absent or limited to proximal reaches of the study area. The depositional
sequence identified in what has been termed the Axial Deposition Model along
the Kuiseb River in the northern part of the study area is safely applicable to the
rest of the study area. Further, new deposits of the Tsondab Sandstone
Formation are identified. The problem of the age of the Namib desert in its fossil
and active forms is discussed. The processing of satellite images is used and is
shown not to be a viable technique for the identification of sedimentary bodies
which are partly mantled by deposits of sediments of a similar nature.
vI declare that this dissertation is my own, unaided work. It is being submitted for
the degree of Master of Science at the University of the Witwatersrand,
Johannesburg. It has not been submitted before for any degree or examination
at any other University.
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PREFACE
Tertiary sedimentary deposits are of limited extent in southern Africa. The
Tsondab Sandstone Formation of the central Namib desert, Namibia, is therefore
of considerable interest. Several problems exist concerning the dating of these
deposits. and their surface form.
In this dissertation the central focus is an examination of the surface form of
the Tsondab Sandstone Formation through field investigation and literature
review, in an effort to resolve disparities between the Low-Angle Fan Model and
the Axial Deposition Model,
Chapter 1 sets the spatial context for the study, and includes a brief review
of the problem and objectives of the current study as well as defining the study
area. Chapter 2. comprises a review of previous. work undertaken in the central
:':amib which has contributed to the problem identified in the study. Chapter 3
provides an overview of the geomorphological. geological and climatological
history of the study area ..-Chapter 4 outlines the methods used in the study.
Chapter 5 presents the base data and results of the study. Chapter 6 constitutes
the discussion based on earlier chapters as well as a fairly extensive discussion
of the dating problem associated with the Tsondab Sandstone Formation.
Chapter 7 outlines the major conclusions reached in the study.
My interest in the geomorphology of the Namib desert was aroused whilst
acting as a field assistant in a project organised by Professor P.O. Tyson and
Dr. 1.A. Lindesay, of the Climatology Research Group - University of the
Witwatersrand. Johannesburg, to study the boundary layer wind systems over the
Namib desert. The scope of the study was established in conjunction with Dr.
:\1.1. Wilkinson of Lockheed Engineering (01ASA) (formerly of the University
of the Witwatersrand); his stimulating discussion at its inception is gratefully
acknowledged. Dr. 1.0. Ward of Cape Exploration (formerly of the Geological
Survey, Windhoek) gave of his time in the field and has commented on
preliminary drafts of this dissertation, which help is also gratefully acknowledged.
Professor T.C. Partridge assumed supervision of the study on the departure of
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Dr. ::VLl. Wilkinson, and has also reviewed the original drafts. ::VIr.T. Boyle of
the Satellite. Application Centre (CSIR) at Hartebeeshoek helped with the remote
sensing work. The assistance of Dr. ::vI.K. Seely and the D.E.R.U.N. staff is
much appreciated, while the co-operation of the Department of Nature
Conservation and Tourism of Xamibia for permission to work in the
Xamib-Xaukluft Park and for provision of accommodation at Gobabeb and
Sesriern is acknowledged with thanks. I al-r wish to thank :Yirs.W. Job for her
skill and patience in drawing up the final diagrams.
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CHAPTER 1
INTRODUCTION
The central Xamib desert has drawn many researchers over the last few decades
in the fields of climatology, geography, geomorphology, geology, biology and
zoology, Geomorphological research in the Namib desert has been undertaken
by numerous' authors. Two studies have come to differing conclusions as to the
surface form of the Tsondab Sandstone Formation, an extensive deposit of
supposedly early Tertiary to ITIIU Miocene age. The spatial context, problems,
objectives and area for this study are considered below.
Spatial Context
The Xamib is one of five west coastal deserts lying within SUbtropical latitudes
(:',:[eigs, 1966). The Namibian component of the Namib desert stretches for 1360
kilometres of a total of :!OOO kilometres along the coastal tract between the
Olifants River in the Cape Province of South Africa and the Carunjamba River
in southern Angola. The Xamib varies in width from 50 to 150 kilometres and
its eastern boundary, although not always clearly defined, generally corresponds
with the 1000 metre contour. The piedmont plain is mantled by aeolian, marine,
fluviatile and pedogenic depcsits. The Namib is bounded to the west by the
Atlantic Ocean and to the east ostensibly by the Great Escarpment. The central
Namib desert is characterised at present by the dynamic sand sea of the Sossus
Sand Formation, which covers most of the underlying Tsondab Sandstone
Formation. The Sossus Sand Formation and underlying sandstone are crossed
by four main linear oases, these being the Koichab, Tsauehab, Tsondab and
Kuiseb Rivers; the latter is the only exorheic river and forms the northern
boundary of the main Sossus Sand Sea.
The Problem
The Tsondab Sandstone Formation, which is an important feature of most the
central Xamib.· has its origin in dune and sand sheet deposits of a palaeo desert
(Besler and Marker, 1979; Martin, 1950, 1957; Ollier, 1977; SACS 1980; Selby,
1~!76,Ward et al., 1983: Ward 19S1'la,19B7). Ward (1984a, 1987) has, however,
recognised six facies of the ~"?ll(l~b Sandstone Formation in the central Namib
along the Kuiseb River, and N~postulated a mote complex depositional history.
Besler ({930) envisaged the occurrence of a fluvial phase toward the end of the
deposition of the Tsondab Sandstone Formation; this has been interpreted as an
agent of modification acting upon the upper eastern facies of the Tsondab
Sandstone, the eroded products of which were then re-deposited in the western
areas. Besler (1980) also called the Tsondab Sandstone Formation the 'early
Namib" dum: field or the 'Namlb Sandstone' and Besler and Marker (1979, 159)
have classified it as "a typical red desert formation" a term adopted by SACS
(1980) anti Ward et al. (1983), whilst Marker (1977a, 1977h) used the term
Sandrock to refer to these deposits. The problem of the origin and morphology
of the Tsondab Sandstone Formation has previously been approached from
different viewpoints: one with' a geological emphasis (Ward 1984a, 1987) the
other with a geomorphological bias (Besler 1980, 1984), these being expanded by
various additional local studies and overviews.
The Axial Deposition Model
Ward (!984a, 1984b, 1987, 1988a, 1988b; Ward et al., 1983) has studied the
geology of the Kuiseb River area and has made a notable contribution to the
understanding of the Tsondab Sandstone Formation. He has proposed a model
in which the Tsondab Sandstone was developed, through time, LV synchronous
fluvial and aeolian sedimentation. This model provides for a system of dunes and
sand sheers crossed by fluvial. axes along which sediments are deposited. In the
middle Kuiseb valley Ward (1984a) has defined and mapped. six facies of the
Tsondab Sandstone Formation. These comprise two rudaceous, three arenaceous
and one carbonate unit (Fig. 1.1).
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Figure 1. I: Map of the distribution of the Tsondab Sandstone Formation in
the Kuiseb area (after Ward, 1984.1).
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The Low-Angle Fan Mode!
The Low-Angle Fan Model appears significantly different to the Axial
Deposition Model for the later phases of the evolution of the Tsondab Sandstone
Formation. in that it proposes a zone of proximal erosion near the Escarpment.
with a zone of distal deposition nearer the coast (Fig. i.2). Besler (1980, 1984)
and Besler and Marker (979) have viewed the Tsondab Sandstone Formation
as arising from separate, diachronous phases of evolution. An earlier phase of
aeolian deposition was followed by a phase of widespread fluvial modification.
This fluvial remodelling has led to erosional truncation of the proximal deposits
nearer the Escarpment and aggradation in the distal coastal areas (Besler, 1980,
1984). The fluvial modification is expressed as large. low-angle 'alluvial fans'
which Besler (1980) identifies from gradient studies of the Tsondab Planation
Surface (Besler, 1980) (Fig. 1.3). These features are, however, of extremely
low-angle and are much larger than alluvial fans as generally understood (Bull,
1977; Cooke and Warren, 1973; Fryberger et al., 1979; Mabbutt, 1977). Some
ourhern African alluvial fans, however, are known to express this kind of relief,
fur example the Knersvlakte, which covers some 2500 krn 2 (Partridge, 1990, pers.
cornm.). The Tsondab Planation Surface could easily represent a period where
the rivers did not have the capability to reach the ocean, but yet had sufficient
energy to remodel the Tsondab Sandstone Formation deposits. It is therefore
suggested that these low-angled water-worked surfaces are synonymous with
Ollier's (1977) 'pediments', Distally these large pediments have given rise to the
three to five wedges of colluvial sediment (Fig. 1.2) which are identified ill the
near-coast sedimentary record according to Besler (1980, 1984).
Ocher Work
Ollier (1977) found that cross-bedding within the Tsondab Sandstone Formation
is consistent with dune sand deposition. He points out, however, that there are
"possible foresee beds of a delta deposit ... (and) also plane-bedded sandstones"
(Ollier, 1977: 108). He identified the presence of "...the Tsondab Planation
Surface, a vast pediment crossed by east-west drainage ••." (Ollier, 1977: 207), and
saw the planation as truncating the aeolian deposits from the Escarpment
4
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Figure 1.2: Fire surfaces of truncation and aggradation (after
Besler, 1980, 1984).
westward to the sC'J (Oilier, 1977), suggesting that sediment has been removed
from the area of the present sand sea. Selby (1976) supported the idea of
planation of aeolian send sh~(:t deposits (Fig. 1.4). His interpretation appears to
assume the presence of fluvial forces large enough to truncate deposits of the
Formation at its upper boundary. Lancaster (l984a. 198-1b. 1984c) has identified
features which are interpreted as reflecting depositional environments of
semi-arid and extremely arid natures. "Dominant depositionel environments
have been sand seas and dune fields, with proximal and distal alluvial fan,
ephemeral flood plain and pan or playa facies" (Lancaster, 1984c: 440). The flat
surface morphology of the Formation is recognised by Lancaster (1984a, 1984c)
but little explanation of its origin is offered.
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Figure 1.3: Tsondab Planation Surface gradients (modified after Besler. 1984).
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Figure 1.4: Development of the Tsondab Planation Surface (after Selby, 1976).
Objectives
Although numerous workers havl> contributed toward a geomorphological
I
understanding of the deposits comprising the :'\amib desert, OIlier (1977) has
pointed out that a spatially continuous geomorphic picture is absent. Oilier
(1977), although providing a basic framework, also pointed out the lack of a
geological history of the :\amib; this has now been provided, in the Kuiseb River
area, by Ward (1984a, 1987), and extended southward to encompass the Tsondab
and Tsauchab valleys in the present study. Terrestrial sedimentary deposits of
Tertiary age are not widespread in southern AlHca (Partridge, 1985a, 1985b);
therefore if a Tertiary age can be accepted for the deposits of the Tsondab
Sandstone Formation, as has been argued, then these deposits, along with those
of the Kalahari basin, are important not only locally, but in the context of the
geological history of the entire subcontinent ..
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The chief differences in the viewpoints of Besler (19150, !984) and Ward
(1984a, 1981) concern the upper parts of the stratigraphic column of the Tsondab
Sandstone Formation. Besler's model envisages 'alluvial' wedges (Besler, 1980,
198-1) building on the west (distal) part of the Formation (Fig. 1.3). These
'alluvial' wedges extend oyer large areas and are responsible for the flat
appearance of the Tsondab Planation Surface (Besler, 1980, 1984) (Fig. 1.3).
Ward ([ 984a) sees a hiatus in axial deposition, followed by the emplacement of
rudaceous deposits identified as the Karpfenkliff Conglomerate in the form of
classic proximal alluvial fans. This, in tum, was followed by a phase of
widespread calcrete pedogenesis of the Karnberg Formation. the combination of
this rudaceous phase along with the pedogenic phase giving rise to the flat
Tsondab Surface. The inherent difference between these two viewpoints is
addressed in this study.
Lithofacies are discussed by the various authors, notably by Ward (1984a),
who has described six facies in detail and has mapped them along the Kuiseb
Valley. The field mapping of these facies in other areas to the east and south and
an analysis of their spatial relationships has been used to make a contribution to
the resolution of some of these differences.
Besler's (1980) accounts of distal Inear-coast) parts of the Tsondab Sandstone
Formation are detailed concerning surface deposits but limited in respect of the
lower members. Ward (1984a) has published no data on the distal parts of the
area The work of Ward ([984a) is concentrated on a section where the deposit
tends to thin out over the Darnara schists (Besler. 1980, 1984). How Ward's
(1984a, 1987, 1988a) model relates tc more southerly and easterly exposures is
shown in the present study.
Study Area
The fieldwork area for this study was restricted to an area between the Walvis
Bay-Rossing road, and 25" south latitude, which is bounded to the west by the
Atlantic Ocean and to the east by the Great Escarpment (Fig. 1.5). Within thb
area several k!.:y areas were recognised;
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Figure 1.5: Xarnibia showing the central Namib desert and the study area for
this investigation.
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1. The int~ri.LI·'r, 0.. .ween the Kuiseb and Gaub Rivers,
2. The upper Kuiseb River,
3. The Tsondab River and parts of its interfluve with the Gaub and Kuiseb
Rivers,
4. The Tsauchab River and parts (,fits interfluve with the Tsondab River,
5. :--:ear coastal areas south of Rooibank,
6. Interdune valleys between Gobabeb and Natab,
7. Exposures on either bank of the middle and lower Kuiseb River,
8. Interdune valleys south of Swart bank, and
9. Parts of the stony desert to the north of the Kuiseb River.
*********:r:
Chapter 1 has set the spatial context for the study,
including a brief review of the problem and objectives of
the current research as well as setting out the study area
used. A review of the previous work. undertaken in· the
central Namib, contributing to the problem identified in,
this study, is put forward III Chapter 2.
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CHAPTER 2
PREVIOUS WORK
Two main models for the formation of the Tsondab Sandstone have been
proposed as outlined in Chapter L These are the Axial Deposition Model and the
Low-Angle Fan Model, These are summarised below.
The Axial Deposition Model
Ward (1984a, 1987) has proposed a chronology and formal nomenclature for
what he has called the Proto-Xarnib Palaeo Desert Phase, Karpfenkliff Fluvial
Phase, and Pedogenic Phase, which embraced the deposition of the Tsondab
Sandstone proper, subsequent conglomerate capping and calcrete formation. A
main aim of his study was to investigate the role of the Kuiseb River and its
relationship to the Palaeo Desert and main Namib sand sea (Sossus Sand
Formation) (Ward, 1987).
Ward (1984a, 1987) recognised six predominant facies which he classified as
being part of the Tsondab Sandstone Formation, as well as overlying
conglomerate formation and a calcrete formatio-i, These are described as follows.
On the floor formed by the ~amib Unconformity Surface there is a quartz
breccia referred to by OIlier (1977) as Basal Conglomerate, which grades into the
quartzose sandstones. This Basal Breccia is thin, being only about 3 metres at its
thickest reported occurrence. This deposit has been formally given member status
and is referred to as Gornkaeb Basal Breccia (Ward's (1984a, 1987) Facies A).
The type locality for the Gomkaeb Basal Breccia Member is at Gomkaeb corner
(23°42,5'S; 15'2'j'E) about sixty kilometres upstream of Gobabeb, The breccia is
not necessarily spatially continuous, and the OVerlying quartz arenites rest
directly on the Namib Unconformity Surface at places.
Ward (1984a, 1987) pointed out that the Basal Breccia Member grades
upwards into a locally restricted rudaceous facies (Facies B) or a quartz arenite
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facies (Facies E). Ward's (1984a, 1987) Facies B comprises a 10 metre thick
deposit. The type area for this deposit is located at Gomkaeb comer the point
where the Kuiseb changes its course from south-westerly to west-north-westerly.
Ward has referred to his Facies C and D as "typical Tsondab Sandstone"
(Ward, 1987, 12). These are the facies which generally comprise the reddish
brown. massive deposits, with common dune cross bedding. The deposits of
Facies C are consolidated, with only some cementation having been noted,
whereas Facies D is generally carbonate cemented. Several authors (Besler, 1979;
Ward, 1987; Watson, 1980) have noted patchy gypsum occurrences within the
matrix forming small lenses. Cross stratification is evident, with foresets dipping
to the west-north-west to east-south-east (Barnard, 1973; Besler and Marker,
1979; Ward, 1987). Fossil terrnitaria are also a common component of this
deposit, being well delimited by preferential areas of calcium carbonate
precipitation.
Facies D sandstones exhibit geometrical features referred to as patterned
ground in the literature, and previously recognised by Besler (1972a), Goudie
(1972), Ollier and Seely (i977),. Watson (1980) and Ward (1984a, 1987). Ward
(1987) has related these to the 30-150m wide and up to several kilometre long
(Fig. 2.1) macrofractures common in this desert. Facies D shows a close
relationship to the distal gravel lag deposits of the Karpfenkliff Conglomerate
Formation.
Facies E consists of quartz arenites which are carbonate cemented (calcite and
dolomite). The facies contains angular to sub-rounded quartz sands with localised
concentrations of garnet and mica. This facies consists mainly of fluvially derived
or reworked sediments, at times interdigitating with aeolian elements. These
deposits are located in the proto-Kuiseb bedrock depression and should
effectively be divided into a true Facies E and a marginal boundar}' facies. Those
facies that are fluvial in origin contain scatters of pebbles which become less
pronounced westward,
Facies F contains few or no arenites. The facies has been named the Zebra
Pan Carbonate Member and is associated with Facies C and E either as capping
12
Figure 2.1: Macrofractures (arrowed) in the Tsondab Sandstone south of the
Kuiseb River, ncar Gobabeb
or interbedded with them. This member is also found lying directly on the
Precambrian schists north of the Kuiseb, The composition of the carbonates is
mostly dolomite, although some calcium carbonate has J.,een recorded,
The Low-Angle Fan Model
Besler (1580) has invoked a standard model of desert landform development in
which tWI) main surfaces are recognised: the erosional surface of the pediplain
which grades laterally into a bahada, Or surface of deposition (Walton, 1969).
Besler (1?84), although pointing out that her work was preliminary, recognised
two main processes that have acted on the consolidated fossil surficial deposits
comprising the Tsondab Sandstone Formation. Firstly a phase of fluvial activity
gave rise to what she has interpreted as the Post-African Planation Surface; this
upper surface is known as the Tsondab Planation Surface and is higher in
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elevation than the ;\amib Unconformity Surface which she considers to be the
African. Secondly, decreasing runoff was interpreted as favouring the
emplacement of large alluvial fans.
Besler (1984) based her conclusions on analysis of 1:100 000 and 1:250 000
contour maps issued by the South African Government Printer, together with a
fieldwork exercise. Analysis of38 latitudinal cross-sections led to the compilation
of a spatial one-dimensional surface gradient model for the :'\"amib Desert (Fig.
1.5); this shows the Tsondab Planation surface to have a gradient of 0% to 1%,
similar to King's (1962) Post African denudationalland surface. Besler (1984) has
interpreted only the slightly consolidated aeolian arenaceous deposits as Tsondab
Sandstone Formation.
Besler (1980) viewed the Tsondab Planation Surface as the product of
unconfined fluvial processes and has suggested that eroded sandstone from the
proximal (near Escarpment) facies of the Tsondab Sandstone Formation, in the
form of Randfurche, was redeposited over true Tsondab Sandstone ill the distal
areas to the west. These deposits are thought by Besler (1984) to have been
deposited as large alluvial fans .as decreasing fluvial discharge in the area changed
the fluvial regimes from exorheic to endorheic and the flow reach of the various
rivers retreated inland. Much of the support for this conclusion is derived from
granulometric and rnorphoscopic studies of dune sands of the Sossus Sand
'Formation. Differences in the properties 0 these sands were used also in
estimating the sizes of the fans, and led to the conclusion that the fans decreased
in size from north to south.
Besler's (1980) main focus was along the so-called northern erg (Fig. 1.3).
Here the upper planation surface, with a gradient of 1%, is cut across the
consolidated sandstone. A second surface is considered to be superimposed on
this surface. This second surface has a gradient of 0.6 to 0.8% and represents a
truncation in the east and large aggradation in the west (Fig. 1.2). These two
phases represent the major surficial events affecting the Tsondab Sandstone
Formation according to Besler (1984). Incised below 'these two surfaces are a
further three postulated incisions mainly represented by terracing within rivers
such as the Kuiseb, Gaub and Tsondab, Besler (1980) has also postulated that
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the Tsondab Flats represent a more recent alluvial plain associated with erosional
stage 4 (Fig. 1.2). Besler (1984) has also suggested that the Tsondab Sandstone
Formation forms the major source for the sands of the Sossus Sand Formation,
interpreting a trend of increasing patina and sorting eastward to reflect fluvial
transport from the east rather than aeolian transport from the west.
**********
Chapter 2 comprised a review of previous work
undertaken in the Central =--:arnib • Chapter 3 sets out the
geomorph ogical, geological
background for this work.
and climatological
15
CHAPTER 3
OVERVIEW OF THE GEOMORPHOLOGICAL, GEOLOGICAL AND
CLIMATOLOGICAL
HISTORY OF THE CENTRAL NAMIB TRACT
The geological and climatic history of a region is of great importance to any
geomorphological investigation. An overview of the historical development of the
:\amib tract in these areas is given below.
General Climatic History
Before anthropogenic influences became a critical forcing mechanism, climatic
and geologic changes were the main factors in geomorphological change.
Although large scale geological changes have occurred through plate tectonics,
geomorphological responses have been mainly a result of changing climatic
regimes. Geological changes wrought by uplift and tilting have, however, had
their own geomorphological effects which will be discussed separately.
Climatic events of the last 150 million years affecting the subcontinent.
One of the most notable influences on the climate of southern Africa arose from
the fragmentation of Gondwanaland, which was then about 14· further south
than at present (Smith and Briden, 1982), and the creation of oceans. surrounding
the sub-continent on three sides. Thus the almost ubiquitously tropical Mesozoic,
associated with a circumglobal equatorial ocean with a relatively uniform thermal
structure and lack of important latitudinal temperature gradients (Tyson, 1986),
was replaced by cold oceans with strong latitudinal temperature gradients. These
changes tended to occur in steps rather than as a smooth transition during the
CainoZOIC (Miller and Fairbanks, ,[985), the most important features being
changes in geometry and inter-connection between ocean basins and
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cryoforrnation around continental Antarctica (Tyson, 1986). During the very late
Palaeocene to early Eocene sea surface temperatures in the high southern
latitudes were of the order of20·C (Shakleton and Kennett, 1975).
The warm Cretaceous climates experienced a sudden change at the
Cretaceous-Tertiary (K- T) boundary (about 65 Ma), This change was
accompanied by mass extinction and is thought to have originated through either
the impact of extraterrestrial bodies with the earth (Hut fir al., 1987), or
volcanism and epeirogenesis (Hallam, 1987).
Shackleton and Kennett (1975) have shown that a major decrease in southern
African ocean temperatures (-5°C) occurred at about 38 Ma, This is seen as a
possible response to the first occurrence of ice in the Antarctic, followed by
cooling at about 30 Ma. The main Antarctic ice cap was formed by 14 Ma and
was followed by further cooling at [0 :VIa,at 5,5 Ma (Messinian) and again at
about 2,4 Ma with the formation of the Arctic polar ice cap; a final major cooling
surge occurred at 0,9 Ma, All of these cooling episoc:\eswere associated with sea
level drops of the order of 30 to 50 metres (MiIler and Fairbanks, 1985).
Epeirogenic uplift was associated with two of these events; at 18 .:vIauplift of 150
to 300 metres took place, and just prior to the 2.4 Ma cooling, upwarping of 600
to 900 metres occurred (Partridge and Maud, 1987). It has been suggested that
Tertiary volcanism could have triggered other cooling events (Kennett and
Thunnell, 1975; Vogt, 1972). Warming and deglaciation occurred in the early and
mid Pliocene (Harwood, 1985; Webb et al., 1984) resulting in the formation of
marine terraces between 60 and 110 metres along the sub-continental coast
(Partridge, 1990).
The cooling event at 2,4:\4a mentioned earlier brought the Pliocene warming
events to an end and led tc the re-establishment of the east Antarctic ice sheet
(Denton, 1985; Harwood, 1985). Climatic deterioration evident in the southern
African terrestrial deposits at this time is associated with the appearance of later
species of Australopithecines and llomo habilis, and intensification of
Milankovitch cycles as evidenced by marine isotope records (Partridge, 1990),
leading to the Quaternary glacial cycles.
1&
Aridity in the Namib Tractr its Causes and Possible Age
Two main causes of aridity along the south western coast of Africa have been
postulated. First there is the effect of the Benguela Current and its associated
cold upwelling waters (Siesser; 1978; Van Zinderen Bakker. 1975). Secondly. there
is the location of the anticyclonic system over the South Atlantic which has a
drying effect through the semi-continuous presence of subsiding air (Tyson.
1986). Summer rainfall is limited due to the influence of the South Indian (ocean)
Anticyclone whose moisture bearing winds are drained as they cross the
continent from east to west, or are trapped by the temperature inversion at the
eastern Escarpment. Scholz (1971) also attributed aridity in the Xamib Desert
directly to the cooling effect of the Benguela Current on westerly winds, thereby
reducing their capacity for carrying water vapour.
The Xamib Desert is located on a relatively narrow bedrock pediplain (having
a regional 10 bedrock surface slope towards the Atlantic). This pediplain has its
origins in either the erosional retreat of the Great Escarpment, and the grading
of the coastal tract to a new base level after the breakup of West Gondwana
during the late Mesozoic- (Martin 1175), or in the re-planation of the deeply
kaolinized African Surface to a new Post African I level (T.C. Partridge, pers.
cornm., 1989). The Atlantic Ocean, according to palaeomagnetic. radiomagnetic,
and palaeontological studies, opened about 127 Y1a (Simpson, 1977; Tankard et
al., 1982). Fully marine conditions were established by about 80 Y1a.
Between the Kuiseb River and the Luderitz-Aus area deposits (the Tsondab
Sandstone Formation) of supposedly Tertiary age (Besler 1980; SACS 1980;
Ward, 1984a, 1987) correlate quite markedly with the boundaries of the overlying
Sossus Sand Formation (Barnard, 1973; Besler 1976, 1977, 1980; Besler et al.,
1977; Besler and Marker, 1979; Martin, 1950; Ollier, 1977; SACS 1980; Selby,
1977); this contrasts with the situation further north ('mlkinson, 1987, 1988a,
1988b; Ward, 1989, pets. cornm.). Significant erosional features of the pediplain
are the numerous inselbergs which remain dotted across the land surface. This
pediplain is generally referred to as the Namib Unconformity Surface, a term
coined by Oilier (1977, 1978). The Namib Unconformity Surface forms a
fundamental datum in any study of the depositional history of the central Namib
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(Ollier, 1977), forming a spatially important marker for the beginning of the
deposition of the Tsondab Sandstone Formation. As such the dating of this
surface is of great importance. Some workers have postulated formation (or
exhumation) to have occurred during the late Cretaceous (Martin, 1973, 1975;
OIlier, 1977, 1978; Seely and Ward,1988; Ward, et al.• 198?). Others have
suggested a Miocene age based on theories linking the Narnlb aridity to the
inception of the Benguela Current during the late Miocene and the absence of
any remnants (If the African surface (formed during Cretaceous and earliest
Tertiary times) in this area (Partridge, pers comm., 1989; Siesser, 1978, 1980; van
Zinderen Bakker. 1975, 1984).
General Geomorphological and Geologic History
Aridity in the :\amib has led to the accumulation of a thick deposit of arenites,
both active and fossilised, within the central Xamib, The form of this arenite and
the possible sources need to be outlined.
Arenites
Many workers have reported (he presence of reddish-brown arenites
underlying the Sossus Sand Formation (inter alia Barnard, 1973. 1975; Besler,
1976, i977, 1980; Gevers 1936: Goudie, 1972;Harrnse, 1980; Logan 1960a, 196Ob;
Marker, 1977a, 1982; Marker and Muller 1978; Martin, 1950, 1957; McKee 1982;
Ollier 1977, 1978; Rust and Wieneke. 1974, 1980; Stapff 1887; Selby, 1976, 1977; .
Vogel 1982; Ward, 1982, 1984;\, 198..Jb,1987; Wilmer 1893). These arenites have
been accorded various names in the past, but Oilier (1977, 1978) referred to them
as the Tsondab Sandstone after the massive cliff exposures at Tsondab Vlei,
Besler af\~ Marker (1979) referred to them as the Namib Sandstone owing to
their wide distribution within the desert zone. The South African Committee for
Stratigraphy (SACS, 1980) has formally designated the arenites as the Tsoudab
Sandstone Formation. the type locality being the 60 to 90 metre high sandstone
cliffs on the north eastern side of Tsondab Vlei,
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The arenaceous quartzose material comprising the Tsondab Sandstone
formation is. everywhere cemented to varying degrees (Besler and Marker, 1979;
Ollier, [977; SACS, 19S0; Ward, 198.1a, 1987). Its occurrence is practically
continuous in the area between Luderitz and the Kuiseb River (Besler and
\Iarkcr. 1979; Martin. 1950, 1973; SACS, 1980). Outcrops further north have
been observed, however (Ward, 19871.and further tentative links hate been made
to other sandstone bodies to the north of the study area, for example the Turnas
Sandstone C\U. Wilkinson. 1988: pers. comrn.), as well as sandstones underlying
the dunes of the Skeleton Coast in northern Xamibia and beyond the Kunene
River in southern Angola where these sandstones underlie the Catrona
Conglomerate (Soares-Carvalho, 196(. J.D. Ward. 1989: pers. cornm.).
The Karpfcnkliff Conglomerate Formation and the Kamberg Calcrete
Formation cap the arenites of the Tsondab Sandstone Formation along
palaeo-channels, whereas on the intcrfluves the capping is of Karnberg Calcrete
only. Towards the coast the sandstone is bevelled, uncernented to lightly
cemented. and in some places capped by lag gravels derived [rom weathering of
the Karpfenkliff Conglomerate formation.
Origins of {he sands of the Xumib tract
;";0 major statements concerning the origin of the sands of the Tsondab
Sandstone Formation have been made. Most contributions are aimed at defining
the origins of the presently active sands of the Sossus Sand Formation. Two
main hypotheses have been postulated for the source of the sediments of the
Sossus Sand Formation. The first Invokes deflation of the Tsondab Sandstone
Formation (Besler, 1980; Besler and Marker, 1979). This contrasts with the
theory of ongoing sediment accumulation suggested by Rogers (1977) and
developed hy Lancaster (1981 ). Ollicr and Lancaster (1983) and Lancaster (1989).
Besler (1980) and Besler and Marker (1979) have suggested a largely fluvial
origin for the sedimentary input. The aeolian facies of the Tsondab Sandstone
Formation along the Great Escarpment are thought to have been fluvially eroded
during the Last Glacial Period and redeposited as a series of alluvial fans to the
21
west. These were then partly reworked by southe-ly winds into the dunes of the
Sossus Sand Formation. This scenario is strongly reminiscent of hypotheses of
sand sea formation in the Sahara (Alimen et al., 1958; Capot Rey, 1970).
Lancaster (1982) views the Sossus Sand Formation as an ongoing
accumulation. High energy southerly wi.ids in the southern Namib have been
shown to have a massive potential [or the movement of beach sands into the
main sand sea. These southern beaches are supplied with sediments through
longshore movement northward from the Orange River mouth. The modern dune
sands were closer to sands of the inner shelf and beaches of the Atlantic than the
sands of the Tsondab Sandstone Formation, which through association with
abundant clinopyroxene particles in these sands (Lancaster and Oilier, 1983) are
thought to have been derived from rocks of the Xarnaqualand Metamorphic
Complex via the Orange River.
When considering the volume of sand comprising the Tsondab Sandstone
Formation. it seems most likely that the beaches and adjoining areas of the
continental shelf exposed during limited glacio-eustatic regressions and possibly
tectonic movement, along with fluvial input from the Escarpment and highland
zone, provided the sources for these massive deposits.
The Benguela System
The Benguela Current is one of four major eastern boundary region currents of
the world (Shannon, 1985). As is the case with the other three (the California,
Canary and Peru currents), it is characterised by a persistent upwelling system
involving the upsurge of cold bottom waters and equatorward flow (Mcl.ain es
al., 1985':.,The Benguela System is unusual in that it is bounced to both north
and south by areas of relatively warmer water (Siegfried, 1989). The onset of the
Benguela Systr.rn was originally assigned to the Cretaceous by Kaiser{I926). Van
Zinderen BaJ se: (1975), who supported the notion that the Benguela Current
was the ma~)r initiator of arid conditions in the area, initially proposed an early
Oligocene age for the onset of arid conditions in the Namib based on Shackleton
and Kennett's (1975) 38 Ma age. Other workers concluded that the Benguela
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System had its onset during the Plio-Pleistocene (Endrody-Younga, 1978~
Tankard and Rogers, 1978; Seely, 1978).
Deep sea drilling on the Walvis Ridge Abutment has recovered a long
sequence of sediments dating from the middle Eocene to the late Pleistocene
Lsing various biotic characteristics of the constituent diatom, plankton and
nannoplankton faunas, Sicsser (I 978) has been able to reconstruct changes in the
characteristics of the ocean water including the onset and nature of the Benguela
Current. The major conclusion derived from sedimentological, palaeontological
and geochemical data from the region was that a "weak spasmodic introduction
of cool, upwelled waters /occurred) along this coast from middle or late
Oligocene until middle Miocene times. in the early late Miocene conditions
changed markedly, strongly suggesting intensification of upwelling which brought
cold, nutrient rich waters to the surface along the coast." [Siesser, 1978: 105).
**********
Chapter 3 has provided an overview of the
geomorphological, geological and climatological history
of the area, Within the framework outlined, a set of
methods was established as outlined in Chapter 4.
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CHAPTER 4
METHODS
Fieldwork was undertaken in the area during two trips between September 1988
and April 1989. This work was supplemented by examination of aerial
photography (Job 774 of 1977, scale 1:50 000) as well as survey maps, satellite
imagery (Figs 4.1 & 4.2), and image processing. The Tsondab Sandstone was
studied chiefly in outcrop form. Outcrop sections Were measured manually with
a tape. Some sections are identical to those measured by Ward (l984a, 1987) and
tape measurements generally agree with abney measurements. Much of the
Tsondab Sandstone has been designated as suboutcrop, in conformity with the
approach of Ward (1984a, 1987), because in many cases the arenites are capped
by either the Karpfenkliff Conglomerate or the Kamberg Calcrete. Observations
were also made outside these areas, although fieldwork was hampered by private
property or restricted access.
Visual appraisal in measured sections of these often undifferentiated deposits
was found to be the best way to determine facies relationships. The sedimentary
succession of the Tsondab Sandstone Formation was generally studied by
measuring the exposed succession in streambeds, on ridge crests, and in the open
field. The deposits have been studied chiefly from within a uniformitarian
(modern analogue) approach. Using field sketches and photographs with
superimposed scales, two-dimensional sections have been constructed (Appendix
4) partially illustrating the main events in the deposition and subsequent
alteration of the Tsondab Sandstone Formation. Deposits have been described
according to thickness and geometry, contacts, rock type, and sedimentary
structures. Graphic logs of key sections have also been used.
Although thicknesses of 40-200 metres have been assigned to the Tsondab
Sa ,.,Jtone Formation at times (Besler and Marker, 1979), no sections of more
than about 70 metres have been encountered thus far in the northernmost area,
Seismic investigations of Van Zijl (1970) gave thicknesses of 40-60 metres for the
bevelled sandstone south of Swartbank, whilst Ward (1984a, 1987) recorded
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Figure 4. l: Satellite image of the Kuiseb River forming the northern boundary
of the main Namib Sand Sea .
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Figure 4.2: Satellite image of the area south of Tscndab Vlei in the central
Namib desert.
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maximum thicknesses of about 70 m. Barnard (1973) reported thicknesses of220
metres at Dieprivier, Sections at Tsondab Viei reach heights of up to 100 metres,
but the basal contact with the Namib Unconformity Surface is concealed.
The apparently flat form of the Namib Unconformity Surface and the
Tsondab Planation Surface turned 01" on investigation to be made up of gently
sloping erosional or depositional (pan playa or fluvial axes facies) surfaces. The
succession generally has a seven facies association. These reflect sedimentological
controls associated with local environment changes as well as external controls
such as tectonic movements, sea level oscillations and climatic changes. The
Tsondab Fluvial phases are sub parallel while aeolian facies are parallel oblique
to tangential oblique.
**********
The methods used in this study have been outlined in
Chapter 4. follow'ng which, the base data and results of
the study are presented Chapter 5.
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CHAPTERS
RESULTS
Facies already reported in the northern part of the study area were re-examined
at their type localities in order to confirm published descriptions. These type
sections are reproduced in the following descriptions along with spatially new
exposures of each of the facies. A new facies and its type section is also described.
Field Data
The sedimentary succession within the Tsondab Sandstone Formation is
reasonably clear. On the basement formed by the Namib Unconformity Surface
rests the thin Gornkaeb Basal Breccia Member. This is capped either by coarse
grained angular to sub-rounded deposits, interpreted variously as colluvial in
origin, aeolian. or fluvial. These deposits grade upwards with either sharp or
diffuse boundaries into conglomerates or calcretes. Interbedded within the above
deposits are occasional dolomite-carbonate fades.
Gomkaeb Basal Breccia Member - Facies A (Fig. 5.1)
This member is relatively thin, reaching a maximum thickness of about J m. It
consists mainly of quartz clasts derived from the 'Precambrian schist (Damara)
bedrock material. These clasts are angular to su'. mgular and are supported in a
cemented matrix of quartz sands and mica flakes. ': he clasts are pebble to cobble
size. There are numerous garnets within the matrix. ranging up to pebble size.
Although calcium carbonate is the cement, Ward (1987) reported the presence
of minor amounts of dolomite. Stratification is absent within this member.
The quartz pebbles and cobbles and garnetiferous components are derived
from the underlying Kuiscb Formation schists (Damara), as was observed by
Ollier (1977). The metagraywackes and metapelites of the Kuiseb Formation are
also present in the study area. The mineral constituents and depths of these
deposits indicate palaeo regoliths or litho sols (Ward, 1987) developed on the
Namib Unconformity Surface. Similar deposits are present on the Kuiseb
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Figure 5.1: Graphic log of the Gomkaeb Basal Breccia.
Formation metasediments in the Khomas Hochland (Ward, 1984a, 1987).
Suggested analogues for the Gomkaeb Basal Breccia are found in the southern
~amib, the oldest Tertiary terrestrial sediments being those of the
Chalcedon-Tafelberg Silcrete Formation which are probably dateable to the
Palaeocene (SACS, 1980). It can, however, be argued that the Gornkaeb Basal
Breccia is of Miocene age (Selby, 1976). Deposits of this basal breccia
occasionally grade upwards into rare deposits of Facies B rudaceous sediments
as well as the more extensive Facies E deposits.
Facies B (Fig. 5.2)
The type locality for these deposits, which are up to 10 m thick, is located a~
Gomkacb corner (23°40' S; 15°26' E), where the Kuiseb changes direction from
southwesterly flow to west-north-westerly. This deposit was recognised as being
lithologically similar to the Gomkaeb Basal Breccia by Ward (1984a, 1987), and
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Figure 5.3: Graphic log of deposits of Facies C.
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has been termed breccia conglomerate. I t is comprised of smaller quartz pebbles
which are angular to sub-rounded, and are associated 'with numerous small
garnets. The coarse fraction is cemented and supported by a coarse grain matrix
of quartz sand, garnet and some mica. Ward (1987) reports the cementing
medium to be calcite and dolomite. Cross-stratification has been noted within
these deposits, which are thought to be colluvial 1.."1 origin because of the
angularity of the constituent particles. They probably originated as colluvial
wash from local topographic highs. Horizontal stratification of coarser pebbles
and some clasts is common, with rare cross-stratification apparent in the deposits
as a whole.
Facies C (Fig. 5.3)"
These deposits are weakly consolidated along interfluves, becoming more
strongly cemented towards fluvial axes: the deposits react weakly to acid,
indicating other forms of cement along with calcium carbonate. These deposits
tend to have a ted brown (5YR) colour although they do in places tend toward
deep red (2.5YR). Several factors point to the aeolian origin of these quartz
arenites, including the actual composition and morphology of the quartz grains,
the red ferric oxide patina on rounded to sub-angular grains, as well as the
medium to large-scale tabular planar and wedge planar cross-bedding with
predominant west-north-west to east-south-east azimuths; these suggest a
prevailing southerly quadrant wind regime (Bigarella, 1972) similar to that
prevailing at present. Other features of this facies are well developed biogenic
components, including terrnitaria-likc features and golden mole-like trail,
(Eremitalpa sp.). Selby (1976) interpreted these features as root casts and
rhizornorphs formed by calcium carbonate remobilisation. Seely and Mitchell
(1986), in a comparative study of the tcrmitaria-like structures and associated
tubules with the burrow system of Hodotermes mossambicus (Hagen) (harvester
termite), came to the conclusion that. at least in part, the calcified tubules are
fossilised remnants of'termite burrows. The Arab term "dikaka' is Widely used to
describe similar features in northern deserts whose origin remains enigmatic;
plant root channels (Glennie and Evamy 1968), termite burrows and solution
pipes are some suggestions. Acheulcan Industry tools are often found lying on
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the surface of this deposit; these are, however, based upon material derived from
the Karpfenkliff Conglomerate Formation.
The cross bedding exposed in this facies is commonly observed in modern
dunes (Figs. 5.4 and 5.5). The cross beds generally dip in a north-easterly
direction. confirming reports of Barnard (1973). Besler and Marker (1979) and
Ward (1984a. 1987). Analogous internal structures in modem dunes led Ward et
- at. (1983) to suggest that palaeo wind regimes were similar to those of today with
dominant southerly winds.
Facies D (Fig. 5.6)
These deposits tend to have a red brown colour (5YR) with bedding disrupted
or not apparent. These deposits are also indicative of an aeolian origin. based
on the composition and morphology of the subangular quartz grains and the red
oxide patina. This deposit IS diagenetically cemented and has developed
large-scale macro fractures (30-150 m wide) and patterned ground features
(including polygons of up to 20 m in diameter).
Facies E (Fig. 5.7;
These deposits are similar to those preserved in the current channels of the active
rivers of the central Namib. At places they interdigitate with deposits of Facies
C and possibly Facies D (Fig. 5.8). Lenses of gravels and pebbles are associated
with these deposits, and mica and garnets are present. The main arenites are
poorly to moderately sorted with sub-angular to sub-rounded quartz grains. The
deposits mostly lack internal sedimentary structures besides being massively
horizontally layered, an exception being the interdigitating facies. These
sediments are mainly greyish to whitish (lOYR) with occasional reddish brown
lenses (5YR), and diagenic mottling is common (Fig. 5.9). The cliff exposures
of these deposits are quite often coated by tufa (Fig. 5.10), which has, in places,
been interpreted as vegetative casts (Martin, 1957; Selby, 1976); however, these
features may also be mainly a diagenic product of calcium carbonate
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Figure 5.4: Cross bedding (arrowed) commonly observed in facies of the
Tsondab Sandstone Formation.
Figure 5.5: Cross bedding (arrowed) found in linear dunes along the Kuiseb
River in the Sossus Sand Formation.
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Figure 5.7: Graphic log of deposits of Facies E.
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Figure 5.8: Facies structure at Kamberg Cliff showing north south
interdigitating fluvial Facies E and aeolian Facies C.
rernobilisaticn along joints. The mottling has been interpreted by Ward (1987)
as a product of a hydromorphic processes which would have operated during the
emplacement of the Karpfenkliff Conglomerate Formation. Thin dolomite lenses
(Fig. 5.11) are sometimes encountered and are interpreted as representing pan
facies.
The greyish white sediments of Facies E tend to be closely associated (within
a few tens of kilometres) With the current courses of the three major rivers of the
study area. Along the Kuiseb, where the sections are best exposed, these deposits
fill the northeast to southwest proto-Kuiseb bedrock depression westward to
around Gomkaeb.
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Figure 5.9: Diagenetic mottling (arrowed) common to Facies E deposits.
photographed at Carp Cliff.
Figure 5.10: Tufa coating (arrowed) on Facies E deposits at Kamberg Cliff.
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Figure 5.11; Thin Dolomite lenses (arrowed) found within Facies E deposits
at Karnberg Cliff.
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Figure 5.12; Graphic log of deposits of Fades F.
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Facies F (Fig. 5.12)
This carbonate facies has been identified as of pan deposits by Ward
(1987), and compare closely with other simil: . der '0: worldwide (Walker and
Middleton, 1977). The deposits have a typical .; )i •• :; appearance where they
overlie both Tsondab Sandstone and Kuiseb Schist, this being due to differential
weathering. Known as the Zebra Pan Carbonate Member, they consist chiefly
of dolomite and are greyish to whitish, giving characteristic Rillenkarren textures
on weathering (Fig. 5.13), and can reach thicknesses of several metres. They
contain gypsum crystal casts (Ward, 1988a) about 0,03 to 0,05 metres in length,
as well as prominent desiccation cracks, root casts and burrows all of which often
show an infilling of typical aeolian material (Fig. 5.14).
Facies G (Fig. 5.15)
A seventh facies of the Tsondab Sandstone Formation was recognised on the
interfluve between the Tsondab and Tsauchab Rivers and has been labelled
Facies G in conformity with Ward's (1984a, 1987) system (Fig. 5.16).
These deposits comprise a lateral variant of Facies C, and are made up of a
combination of line, sub-angular to sub- rounded quartz grains with red ferric
oxide patinas and coarse, rounded to sub-angular quartz sands with little or no
patina. The general colour of the deposits eends to be red brown (5YR). They
show strong medium to large-scale wedge planar cross bedding with a
predominant westerly azimuth, suggesting a prevalent easterly wind regime.
Biogenic components are very common as in the deposits of Facies C. Westerly
wedge planar cross bedding and coarse grain influx is common to the modem
linear to stellate dune systems of the Sossus Sand Formation along both the
Tsondab River and Tsauchab River axes, and is considered to have resulted from
the effects of topographic forcing oflocal and boundary layer wind systems down
the valley axes. This axial forcing serves to channel and accelerate easterly winds
from east to west creating the typical disruption of dunes across the sand sea
visible on satellite images (Fig 4.2).
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Figure 5.13: Characteristic Rillenkarren texture of Facies F
carbonate-dolomite pan deposits.
Figure 5-14: Dessication cracked surface of Facies F carbonate-dolomite pan
deposits of the Zebra Pan Member,
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Figure 5.15: Graphic log of a section of Facies G.
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The coarse grain influx into the aeolian sediments of Facies G (i.e, the
equivalent sands to Facies C) is evidently related to this intensification of easterly
wind influences along river axes. The coarse grain sediments can be seen to
originate from fluvial input along the river axes where deposition of Facies E type
se(i\ments is occurring today. These sediments are reworked by the easterly winds
onto the flanks of dunes to the west; in the course of transportation they are
winnowed, the fines being removed while the coarse grains saltate/creep across
the dunes more slowly and become stranded when the easterly wind dies down
or the lower saltation threshold is reached. These coarser lags are then reworked
into the common pool of aeolian sand by the prevailing southerly winds, This
aeolian mput of fluvial sands into the dune system still operates along the
Tsondab River (Fig. 5.17) and Tsauchab River (Fig. 5.18). :\'0 specific modern
analogue of the above could be found along the Kuiseb River, although the same
process has been shown to occur with grains weathered from quartzite
components of the Karpfenkliff Conglomerate Formation (Fenwick, 1989, 1990)
(Figs 5.19. 5.20, 5.21, 5.22,5.23).
Karpfenkliff Conglomerate Formation
Deposits of this formation. termed calcrete caprock in conjunction with what is
now known as the Kamberg Calcrete Formation by Marker (l977a, 1977b), reach
thicknesses of up to 60 metres in places especially in the Chausib River (Ward,
1987). The type locality for these deposits is the Carp Cliff mesa (23"20'S;
15Q45'E) (Fig. 5.24) in the upper Kuiseb canyon, where Martin and Korn first
sought shelter in their desert sojourn during the Second World War. To the
north the lithological components or the Karpfenkliff Conglomerate Formation
are dominated by Damara mctaquartzircs and Etjo Formation quartzites, as well
as a large input of vein quartz. The clasts are mainly well rounded and ale often
marked by arcuate percussion scars (Fig. 5.25). Ward (1984b) has interpreted the
Karpfenkliff conglomerate as the deposits of a large alluvial fan system.
The relationship of the Karpfenkliff Ccnglomerate Formation to the Tsondab
Sandstone Formation has been recognised by Martin (1950, 1957), Ollier (1977,
1978), Besler (1980), Ward et at, (1983) and Ward (1984a, 1987). Ollier (1977,
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Figure 5.17: Coarse aeolian deposits 0::1 flanks of linear dunes (approximately
120 metres high) resulting from aeolian reworking of fluvial sediments along
the Tsondab River.
Figure 5.18: Lags (arrowed) of aeolian reworked fluvial sands on the flanks
of a star dune (approximately 190 metres high) along the Tsauchab River
between Sesriern and Sossus Vlei.
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Figure 5.23: Coarse grain mega ripples on the eastern sides of linear dune
plinths Ca. lOkmsouth of Gobabcb.
1978) interpreted the combined surface as the Tsondab Planation Surface eroded
and deposited by a westward flowing palaeo drainage system.
The conglomerates of the Karpfenkliff Formation are a common feature in
parts of the eastern Namib desert. They are prominent as markers of the palaeo
valleys of the Kuiseb, Tsondab and Tsauchab rivers, as well as in the eastern
tributaries prior to the current incission. These deposits are laterally extensive
and reach from the Escarpment well into the sand sea, lag gravels in fact
extending to within several kilometres of the coast. The main deposits pinch out
down the axes of these broad proto-valleys.
A lateral facies of the Karpfenkliff Conglomerate Formation was first
recognised in the proto Kuiseb River (23°19'S; 23°52'E) by Ward (1984a, 1987)
and named the Koedoe River Breccia. This deposit is similar to the Karpfenkliff
Conglomerate Formation, except that the clast components are angular to
sub-rounded. Similar deposits have since been found near Ondersteboberg (Hitler
Hill) (23°57'S; 15°47'E) (Fig. 5.26) in the Tsondab drainage. The Koedce River
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Figure 5.24: Carp Cliff Mesa, type locality for ~neKarpfenkliff Conglomerate
Formation.
Figure 5.25: Arcuate percussion scars common to cobbles of the Karpfenkliff
Conglomerate Formation
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Figure 5.26: Classic Koedoe River Breccia deposits near Ondersteboberg
(person for scale).
Figure 5.27: Rip up clast (arrowed) of consolidated/cemented Tsondab
Sandstone within the KarpfenkliffConglomerateFormation at Carp Cliff.
48
Breccia is closely associated with topographic highs such as inselbergs and
prominent ranges of resistant hills, a relationship noted by Ward (1984a, 1987)
at Swartbank Mountain (23°20'S; 14°50'E), Kamberg (23°35'S; 15°45'E),
Saagberg (23°43'S; 15°50'E) and Tinkeringheib (23°35'5; 15°55'E).
The Karpfenkliff Conglomerate Formation rests throughout on bevelled
Tsondab Sandstone or bedrock. It frequently contains rip-up clasts (mainly
rounded) of these underlying deposits (Fig. 5.27). The preservation of clasts of
Tsondab Sandstone Formation is indicative ofa pre-incision depositional hiatus,
which permitted these deposits to become cemented/consolidated prior to their
erosion.
The Karpfenkliff Conglomerate Formation is best developed ncar the
Escarpment where it reaches a thickness of up to about 60 metres. These
carbonate cemented gravels consist mainly of sub- to well rounded clasts showing
good evidence of fluvial action in their shape, percussion scars, channel bedforms
and clast orientation. The clasts decrease in size westward and are supported in
a matrix of angular to sub-rounded quartz sands.
There is crude stratification within the deposits and large clasts are often
transversely imbricated. A major upward fining trend is evident, although
episodic inputs of coarser clasts are in evidence throughout the succession.
Arenite layers, up to 2 metres thick in places, are evident. Channel bedforms are
common especially in the Sesriem units (Fig. 5.28). Superimposed upon the
major upward fining trend, smaller scale upward fining cycles were noted on a
scale ohI' to 1metre (Fig. 5.29)~
In many exposures the Karpfenkliff Conglomerate Formation contains
hardpan and honeycomb pedogenic calcretes in the uppermost portions (Yaalon
and Ward, 1982), which have obliterated any sedimentological features (Fig.
5.30).
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The main cementing medium in these deposits is calcite, although Ward
(1987) has reported dolomite cementation in rare instances. Calcium carbonate
precipitated from fluctuating groundwaters has been suggested as the formation
Figure 5.28: Channel bedforms which are moderately common W:'. rn
rudaceous deposits at Sesriern. These are considered to be equivalents c( iae
Karpfenkliff Conglomerate Formation.
Figure 5.29: Minor fining trends within the general upward fining trend of
deposits at Sesriem considered to be equivalents of the Karpfenkliff
Conglomerate Formation.
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Figure 5.30; Hardpan calcrete developed in upper levels of the Karpfenkliff
Conglomerate Formation east of Tsondab Vlei obscures underlying
sedimentary features.
process (Yaalon and Ward. 1982). The area is particularly rich in limestones.
marbles and dolomites which afford ample sources for the calcium carbonate.
The time lapse between the end of Tsondab Sandstone Formation deposition
and the start of Karpfenkliff Conglomerate Formation deposition is unknown.
The Tsondab Sandstone Formation has been presumed to be of mid Tertiary age,
and the Kamberg Calcrete Formation. which is developed on the aeolianites of
the Tsondab Sandstone Formation interfluves as well as in the upper parts of the
Karpfenkliff Conglomerate Formation, is thought. to be of end Miocene age
(Ward et al., 1983). A Miocene age is inferred for other similar Namib deposits
(Ward et al., 1983), but, as will be indicated later, the dating evidence is rather
tenuous.
The Karpfenkliff Conglomerate Formation, as accepted in this study, is highly
variable in both clast size and lithological constituents. Within the northern part
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of the study area quartzites, rhyolites and andesitic volcanics are most common,
whereas in the southern areas ?\aukluft dolomites and limestones are dominant.
Whilst these differences do not strictly allow these deposits to be classed as
Karpfenkliff Conglomerate Formation according to original definitions of this
deposit, it is felt that allowance has to be made for lateral differences in Source
material over the wider scope area of this study. Clast size varies throughout, but
there is a general trend from cobbles in the eastern areas to pebbles and lag
gravels in the west. Lancaster (1984c) has suggested that this is a matrix
supported conglomerate with a well lithified calcium carbonate matrix
(Lancaster, 198.:Jc:259) and agrees with Ward (1984a, 1987) that it was laid down
by anastomosing and braided streams of a large, low- angle alluvial fan system.
Rooikop Gravels
Limited exposures of gypsiferous deposits containing shells (mainly the oyster
Striostrea margaritaceay and sands with some cobbles and pebbles occur along
the coastal tract of the central :\amib. These have been described by Miller and
Seely (1976) and Ward (1987) and recognised by SACS (1980). These deposits
occur up to about 40 m above present sea level. They overlie granites of the
Damaran Sequence as well as consolidated. cemented arenites, and are covered
by a gypsum crust. Ward (1987) has proposed a littoral depositional
environment for these deposits. The occurrence of robust faunal forms seems
indicative of warm water conditions. in sheltered water or lagoonal environments
(Miller and Seely, 1976; Rust and Wieneke, 1976; SACS, 1980). These gravels can
be linked to three beach deposits (D, E and F of the Sperrgebiet) in the southern
Namib, which also contain fauna indicative of warm seas (SACS, 1980).
Kamberg Calcrete Formation.
The Kamberg Calcrete caps the upper facies of the Tsondab Sandstone
Formation on the interfluves and is also present in the uppermost levels of the
Karpfenkliff Conglomerate Formation. The calcrete generally displays a highly
mature profile, grading from a laminar crust into hardpan, honeycomb and
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nodular types and then into the Tsondab Sandstone Formation arenites or
Karpfenkliff Conglomerate Formation hosts. The type locality for this
formation, as proposed by Ward (1984a, 1987) and originally described by
Yaalon and Ward (1982}. is located south west of Kamberg at approximately
23°36'5"S, 15°39'E.
The lower contact of the Kamberg Calcrete Formation with the Karpfenkliff
Conglomerate Formation and the Tsondab Sandstone Formation is gradational,
whereas the upper contact is abrupt where overlying aeolian sands of the Sossus
Sand Formation are present. The deposit reaches a maximum thickness of about
5 metres. Yaalon and Ward (1982) recognised four main divisions within the
profile making up the Kamberg Calcrete Formation. These include a laminar
crust up to 0,05 m thick, a hardpan calcrete about 2 m thick, a honeycomb
calcrete about 1 metre thick, and a nodular calcrete up to 2 metres thick grading
down into the underlying units.
The Kamberg Calcrete Formation has been recorded on several different
levels within the area, giving an appearance of several phases of formation.
However, on gently sloping substrates the levels can be .linked throughout,
although Some diachronism is evidenced by the occurrence of first and second
order reworked nodules. The lack of large scale cementation within the
underlying aeolian arenites may reflect a paucity of local sources for the calcium
carbonate. "{he carbonate was probably introduced by fluvial action associated
with the emplacement ~lf the Karpfenkliff Conglomerate Formation, and was
then possibly reworked by aeolian action into sterile dune deposits, such as occur
within the present day playa of Tsondab Vlei. Blumel (1982) has proposed two
alternative sources for the Ubib/Cha-Re area: in the coastal area marine
carbonate is available, especially after marine transgressions, to the southerly
wind regime, which carries it inland; a second possible source is the Etosha Pan,
which could supply carbonate to upper boundary layer airstreams which would
then transport it southward.
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Cross Section Models
A number of sections have been drawn both latitudinally and longitudinally
within the study area (Appendix I). These sections are based on contours on both
1:250 000 and 1:50 000 scale maps, supported by stereoscopic analyses of air
photos. On dune covered surfaces the closest Spot heights in interdune areas or
major contour crossing points have been used.
Ncrth-scuth sections illustrate clearly the flat surface south of the Kuiseb
river recognised by Oilier (1977) as a planation surface. The only major reHefon
this surface is provided by resistant bedrock inliers and the incised courses of
westward flowing rivers, ancient and modem.
East-west sections are of great interest in their confirmation of the conclusion
reached from field reconnaissance and aerial photography, th'}t fans associated
with these rivets are of a relatively small size, are mainly associated with later
formations, and the major ancient courses cut through deposits (mostly of
aeolian origin) in discrete channels with aeolianite cliffs on either bank
(Fig. 5.31).
Streams and rivers have characteristic skyward convexities in their long
profiles. This is probably a result of downstream discharge depletion (Stengel,
1964, 1970; Goudie, 1972) resulting from water infiltration into the porous
Tsondab Sandstone Formation, as well as relating to stream competancy in arid
areas as is the case for the Kuiseb River which has a bedrock cut channel.
The Reconnaissance Mapping Programme
The mapping carried out by Ward (1984a, 1987) provides intensive coverage of
the area around the Kuiseb River. Similar coverage is, however, lacking to the
south of this area. To this end a major aim of this project has been the
southward extension of Ward's (1984a, 1987) mapping. principally along the
main fluvial axes as the intervening areas are largely concealed by deposits of the
Sossus Sand Formation.
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Figure 5.31: The central Namib desert showing the distinctive cliffs of
aeolianite Tsondab Sandstone flanking the north eastern course of the
Tsondab River. Tsondab Vlei can be seen in the background.
Two Dimensional Sections of Sedimentation in the Central Namib
The two dimensional sections 6f sedimentation (Appendix 4) in the central
Xamib desert arising [(.nO this study are based on the records of areal mapping
and field sections superimposed onto a regional base. Where sections were
unavailable, as is unfortunately the case for much of the near coastal areas,
surficial mapping with inferred downward projection has had to be used. This
approach should not bias the aim of reconciling the two models of sedimentation
in the central Namib desert as this relates largely to the distribution of surficial
materials between the present linear dune ridges.
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Remote Sensing
It has become common, in the last few decades, to use satellite false colour
images as an aid to small scale mapping. Landsat images have been used in this
study in an attempt to clarify spatial relationships. These images (Figs 4.1 and
4.2) are based upon a reflectance pixel of 82 m x 57 rn resolution, which is
systernised to a 57 m x 57 m resolution. The corrected data are fed through an
optronics coding machine to generate the colour image from the numerical data
set.
Processing of satellite images using multispectral analysis, although becoming
more widely used by geomorphologists, is less common and its use has not thus
far been documented in the central :-\amib. In order to identify outcrops or
sub-outcrops in inaccessible areas, a programme of image enhancement for the
study area has been undertaken with the following results.
Images for the northern and southern areas were chosen "s follows:
1. DATE. Between 24th V1ardl 1984 and 12th December 1989.
2. CLOUDCOVER. -Maximum average of 50% for Landsat 5 (:vfSS).
3. WRS TRK-FRM (Worldwide Reference System Track and Frame):
179-076 for the northern area
179-077 for the soutnern area.
This list (Appendix 3) formed the basis from which to choose the most suitable
pairs, these being:
1) 87.12.07 both areas 100% cloudless, and
2) 88.12.25 northern area 100% cloudless and southern area with maximum
10% cloudcover,
Of these the first pair Was chosen for final analysis.
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Figure 5 32: Satellite photo of the central Namib showing the signature
generation area to the east and the area to the west (Fig. 5.33) onto which
these signatures were imposed.
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Figure 5.33: The central Namib desert south of the Kuiseb River.
Figure 5,34: Signature enhanced version of figure 5.33.
The technique used involves generating signatures of the various known and
mapped deposits to a Gaussian threshold vc'ue of2 for these signatures. These
signatures were established for large base areas, the smallest used in this study
being 912,83 hectares and the largest being 11 155,91 hectares. Larger area
signatures are not a problem to create, except for areal extent limitations, and
do not significantly change the results. Once chosen, the data of the signatures
were run as scatterplots. These scatterplots showed no statistically significant
variance (T. Boyle: pers.cornm, 1990). [mages of parts of the study area were
then regenerated with colour enhanced values for the above signatures (Figs 5.32,
5.33 and 5.34).
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**********
The base data and results of the study have been
presented in Chapter 5. Based on these results a
discussion is prese d in Chapter 6.
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CHAPTER 6
DISCUSSION
The discussion follows the form initiated in enumerating the results covering field
observations, reconnaissance mapping, the sections and the remote sensing. The
dating of the deposits of the Tsondab Sandstone Formation is also discussed.
Field Observations
Gomkaeb Basal Breccia
The thin deposits of regolith or lithosols making up the Gomkaeb Basal Breccia
indicate an in situ derivation from the Kuiseb Formation schists (Damara)
comprising quartz clasts, min flakes, garnets and the quartz sand matrix, rather
than development in a regressive shoreline situation as has been suggested. The
provenance of these deposits is based on analogues from the Khomas Hochland
as described earlier. Analogues for the Gornkaeb Basal Breccia can also be found
in the southern Namib, the oldest supposedly Tertiary sediments being those of
the Chalcedon-Tafelberg Silcrete Formation which are probably dateable to the
Palaeocene (SACS, )980). It can, however, be argued that the Gomkaeb Basal
Breccia is of Miocene age (Selby, }976). particularly if it can be proven that the
Namib Unconformity Surface is a Post-African erosional feature rather than
King's African surface, as will be discussed later.
Facies B
Although this deposit has been shown to be lithologicaly similar to the Gomkaeb
Basal Breccia Member by Ward (1984a, 1987), cross bedding within the strata is
suggestive of fluvial deposition (Reading, 1978; Rcinek and Singh. 1973). Ward
(1984a, 1987) has interpreted these deposits as small alluvial fans but has noted
the suggestion by J. :\1cCarthy (pers, comm, to J,D. Ward, 1983) that these
deposits and those of the Gotnkaeb Basal Breccia could be indicative \,f d
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regressive shoreline succession. This scenario could also explain the origin of the
carbonate cement. Ward (1987) has countered this suggestion on four main
points. Firstly he points out that the Namib Unconformity Surface extends to the
Great Escarpment where it reaches 1000 metres in altitude; it has, in contrast,
been shown that the maximum Cainozoic sea level on record along the Namibian
coast (in the Buntfeldschuh - Bogenfels region) is 170 metres above present level.
Secondly the break up of West Gondwana land was followed by the formation
of the Great Escarpment by headward erosion, and the coastal tract was bevelled
by pediplanation processes (Dingle and Scrutton. 1974; Martin, 1973; Partridge
and Maud, 1987, 1988). Thirdly, Ward (19871 points to the the local derivation
of the quartz and garnet components as opposed 10 the redistributive effects that
wouJd generally be expected with marine processes (Oilier, 1977). A further
consideration is that spatially contemporaneous deposits are not found on the
Namib Unconformity Surface where it transgresses the Salem and Donkerhuk
Granites. Also, no marine fossils have thus far been located in these deposits.
Fourthly, Ward (1987) points out that the carbonate could originate from
calcareous metasediments of the late Precambrian Darnara sequence such as
marbles and limestones in the Gaub Valley and the limestones and dolomites of
the Naukluft Nappe Complex. Further the southerly winds postulated for this
period (Ward et al., 1983) would have been able to introduce aerosol carbonates
from southerly source regions.
Facies C
The presence of red brown, ferie oxide stained, cross bedded aeolianites within
this deposit with aeolian grain morphology strongly suggests active dune
development and movement in an ancient Namib sand sea of possible early
Tertiary or Miocene age. The presence of longitudinal (linear) dunes in the
Tsondab Sandstone Formation sand sea is difficult to confirm. Problems in
recognising longitudinal dune forms III fossil dune deposits Were noted by Rubin
and Hunter (1985), who drew attention to the fact that these dunes can move
laterally and thus develop unimodal cross bed dip directions (as opposed to
bimodal-bipolar dips) and can therefore be confused with transverse dune
deposits. Dips within the Tsondab Sandstone Formation tend to have one
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dominant component in the direction of migration and the opposing dip is
reduced or absent.
The occurrence of Acheulean Industry stone implements associated with the
deposits of the Tsondab Sandstone Formation was noted with great interest.
These can not be used to date the deposits, however, as they are only ever found
on top of the deposits and never within them. It is further noted that the tools
are always made from large cobbles of the Karpfenkliff Conglomerate Formation
type which are not to be found anywhere within the Tsondab Sandstone
Formation.
Facies D
Various origins have been postulated fo~ the patterned ground features found in
Facies D deposits. Ollier and Seely (1977) proposed that jointing within the
lower Tsondab Sandstone was responsible, whereas Besler (1982) and Watson
(1980) invoked desiccation of gypsum-bearing sediments as an explanation.
Watson (1980) also suggested that the rnacrofractures were a separate feature
which he linked to relict fluvial channels. Ward (1984a, 1987) has proposed a
further alternative: cementation of the Facies D deposit was achieved by
precipitation from calcium rich waters associated with the deposition of the
Karpfcnkliff Conglomerate Formation, which is closely associated with these
deposits. During precipitation calcium carbonate crystal expansion occurs
(Goudie, 1973; Netterberg 1980). Such expansion is thought by Ward (1984a,
1987) to have been the causative factor in the formation of these macro-fractures,
i.e, Ward (19S4a, 1987) proposes a volume increase as opposed to the volume
decrease invoked by Besler (1972) and Watson (1980).
Facies E
The presence of sediments of Facies E closely conforming "itt')" the proto
Kuiseb Depression to current riverine deposits of the Kuiseb, Tsondab and
Tsauchab rivers along with lenses of gravel and pebbles strongly points to the
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fluvial origin of these deposits. The interdigitating facies have been differently
interpreted by Selby (1976), who regarded dIe red layers and wedges as palaeosols
reflecting periods of possible ameliorating ;limate conducive to pedogenesis (Fig.
5.8 and 6.1). Selby (1976), however, records that the supposed briefmesic periods
were too limited for clay or calcrete formation. It should be noted that these
reddish units are made up of sands typical of Facies C dune deposits, although
they contain mote carbonate and sylvite than true Facies C deposits; this was
probably a product of the hydromorphic processes associated with the
emplacement of the Facies E component and the capping Karpfenkliff
Conglomerate Formation. Ward (1984a, 1987) has reported halite and sylvite
within these red deposits. The biogenic termitaria like structures common to true
Facies C are also found here, and cross stratification is similarly present.
Facies F
These deposits are interpreted in terms of three main origins: firstly the formation
of pans in interdunes an~ bedrock depressions during pluvial events; secondly, the
development of pans in the distal reaches of ephemeral watercourses; and thirdly,
the dismemberment of watercourses by advancing dunes, as suggested by Ward
(1988a).
These deposits of dolomite rich indurated carbonate have also been
interpreted as having been precipitated in dolines by Marker (1982). Marker
(1982) finds support for this contention in suggestions that the 'Namib
Limestone' (= Kamberg Calcrete Formation) was deposited as a fan system, the
50 called dolines being concentrated along proximal parts of the fan.
Facies G
The aeolian character of these latera! variant facies of Facies C is suggested by
the grain morphology of sub-carapace (aeolian reworked coarse fluvial sands)
grains and the well preserved aeolian cross bedding found here. The westerly
azimuth wedge planar cross bedding within the deposit is strongly suggestive of
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dominant easterly wind regimes, as is the case at present along the channels in
the area through which boundary layer winds are funnelled generating complex
and stellate duneforms.
Karpfenkliff Conglomerate Formation
Martin (1950, 195'7) first recognised the alluvial origin of the Karpfenklifl'
Conglomerate Formation Kuiseb/Gaub facies When living in a sheltering
overhang of the deposit. Its fluvial characteristics were confirmed by Ollier
(1977) and by Ward (1987: 17) who described it as the "earliest record ora well
developed Kuiseb-Gaub drainage system in the central Namib", The presence
of interbedded Facies E and C arenites suggests, however. that the shift to more
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mesic conditions in the eastern parts of the Namib occurred spasmodically over
an extended period.
Ward (1984a, 1987) has suggested that the Karpfenkliff'Conglomerates in the
Kuiseb/Gaub region were deposited as a large alluvial fan below the Escarpment
which was possibly further west than today, and which was probably less well
dissected. The alluvial processes responsible for the deposits did not, in Ward's
(1987) opinion, incise the Namib Unconformity Surface to any great degree. This,
together with the unconfined nature of the deposit and its clast size reduction and
thinning in a westerly direction, conform to criteria generally accepted for the
identification of alluvial fans (Blatt et al. 1980; Bull, 1972; Cooke and Warren,
1973; Reading 1978; Selley 1976). The channel forms noted earlier, if accepted
as indicative of braided streams, would also lend support to the alluvial fan model
(Bull, 1972). The small proportion of' clay/silt within the deposits is common to
such braided stream environme.k. (Bull, 1972; Selley 1976). Upward fining
probably represents decreasing fluvial energy, with periodic highenergy flooding.
Partridge (J985a, 1985b) and Partridge and Maud (1987) have, however,
suggested that fluvial deposition in the mid Tertiary on the west coast may have
been influenced by epeirogenic uplift. Lancaster (I984b) has suggested that
deposits which are now identified, in this study, as lateral equivalents of the
Karpfenkliff Conglomerate Formation as expressed along the Tsondab River,
represent the distal deposits of a large low angle fan laid down at the end of a
shallow Tsondab valley in the middle Miocene. These deposits Were then
cemented into a conglomerate during the middle to late Miocene. These events
were followed by large-scale erosion to a depth of about 30 metres and the
deposition of younger suites of gravel making up the Hamilton Vlei
Conglomerates, and finally the Narabeb silts; these units can probably be
equated with the Oswater Conglomerate Formation and Homcb Silt Formation
respectively in the Kuiseb valley. Deposits that have been correlated with the
Karpfenkliff Conglomerate Formation include the Arrisdrift Gravel Formation
of the lower Orange River Valley which has been dated to middle Miocene on the
basis of its rich, diverse faunal assemblage (Corvinus and Hendey, 1978; SACS,
1980). Hendey (1978) has suggested that these remains indicate a warm mesic
woodland environment, but this may, in fact, merely reflect the local influence
of the river corridor. The Grillental Beds of the Elizabeth Bay Formation have
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been placed within the early Miocene (Greenman, 1969; SACS, 1980). while the
gravels of the Khan and Swakop rivers were accorded a similar ag.,; by Gevers
(1936). Calcified deposits of the Middle Ugab valley (Mabbutt, 1952) were linked
to the KarpfenkliffConglomerate Formation by Ward et al. (1983). The Catrona
Conglomerates in the Angolan Namib have ~ '1 dated to early Miocene by
Soares Carvalho (1961).
Lancaster (l984c) has supported '")" '"'.ntention that the Arrisdrift and
Luderitz faunas accumulated at about the same time as the gravels of the
Karpfenkliff Conglomerate Formation in agreement with the suggestion by
Yaalon and Ward (1982). Lancaster (1984c) has stated that the Capping
Conglomerates (= Karpfenkliff Conglomerate Formation) represent the oldest
fluvial deposits in the central Namib. This is manifestly not the case, as earlier
fluvial phases within the Tscndab Sandstone Formation itself indicate,
Rooikop Gravels
Rust and Wieneke (1976) have quoted radiocarbon dates of between 30 000 and
35 000 Ma for these deposits, although SACS (1980) has drawn attention to the
possibility of contamination errors, Although similar deposits in Namaqualand
and the Sperrgebiet have been thought to be ofa Pleistocene age (Carrington and
Kensley, 1969; Haughton, 1931), Hendey (1981) has tentatively placed these
within the Miocene 011 the basis of the warm water evidence. The first upwelling
of Antarctic bottom water associated with the Benguela current can be dated
with some confidence to the late Miocene (Siesser, 1978, 1980), It would be
expected, therefore, that littoral deposits containing fossil marine fauna
characteristic of warm oceans would predate the beginning of cold upwelling in
the Benguela system.
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Kamberg Calcrete Formation
Martin has reportedly (pers. comm. to Scholz, 1972) postulated that the
pedogenic calcrete was formed within a soil and has since been exposed through
erosion. Scholz (1972) has inferred that the surface calcrete was formed through
the evaporation of rainwater giving rise to a succession of very thin sinter layers.
In contrast, the lower nodular calcrete was interpreted as being of pedogenic
origin.
Calcrete duricrusts constitute an important stratigraphic marker in the central
:\amib, particularly in the eastern Escarpment areas. These duricrusts have
developed mainly within the upper deposits of the Karpfenkliff Conglomerate
Formation and on the Tsondab Sandstone Formation in the interfluve areas.
These calcretes were emplaced prior to the onset of recent fluvial incision and
major canyon formation {Martin. 1950, 195'~: Ollier, 1977, 1978; Ward 1984a,
1987; Yaalon and Ward, 1980). Goudie (1972) also noted that the calcareous
horizons within the deposits predate the incision of the major rivers.
The calcrete is believed to be indicative of a period ofenvironmental stability.
Yaalon and Ward (1982) have postulated that this period would necessarily have
lasted at least several hundreds of thousands of years. under a semi-arid climate
with an annual rainfall of approximately 350-450 rom; these conditions were
present only in the east and gave way rapidly to the hyper-arid environment
encountered today in the ~restem Namib (Besler, 1972b; Schulze, 1969; Ward
1984a, 1987). Ware 187) has reported the presence of small scale
pseudo-anticlines and synclines within the deposits; this is indicative of a high
degree of maturity, being the result of growth pressures leading to internal
buckling within the duricrust (Goudie 1973; Nctterberg, 1969a, 1969b, 1980;
Reeves, 1970; Watts, 1977).
The Kamberg Calcrete Formation is definitely younger than the Tsondab
Sandstone Formation and probably somewhat younger than the final phases of
the Karpfenkliff Conglomerate Formation. Incision of river systems into these
deposits was, however, more recent. As has been discussed the deposition of the
Karpfenkliff Conglorncrate Formation has been placed within the end Miocene.
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whereas the deep incision of the local rivers is considered by Martin (1950, 1961)
Korn and Martin (1957) and Ward (I984a, J987) to date to end Tertiary times.
The emplacement of the Kamberg Calcrete Formation has been assigned an end
Miocene age by Ward (1984a, 1987). thus linking it with similar deposits in the
south (SACS, 1980). The lack of post depositional solution of these duricrusts
implies a return to mainly desertic conditions during the end Tertiary and
Quaternary, during which mesic periods were presumably of short duration
(Yaalon and Ward, 1982).
Goudie and Wilkinson (1977) have shown that calcretes can occur in areas
with precipitation as high as 600 to 850 mm per annum, but develop best in areas
receiving less than 500 rnm. Netterberg (19liO) has shown that optimum calcrete
growth occurs at around 350 mm.yr. Gile et al. (t966) suggest that calcrete is
formed mainly on calcium rich deposits, but also allow that duricrusts can
develop on coarse alluvial fan deposits as well as on finer material which need
not be carbonate bearing, Blumel (19li2) points out that calcretes need not be
restricted to a particular type of substratum; the material need only have a
permeability sufficient to allow solutional transport of calcium carbonate. He
reached the conclusion that the duricrusts or Xamibia were generated by allothic
aeolian calcium carbonates, i.e. which have been "post- or syngenetically
transformed and dislocated bya pedogenic process" Blumel (1982: 71). The
pedogenic explanation for the formation of calcrete duricrusts is certainly the
most favoured at present (Blumel, 1982; Rohdenburg and Sabelberg 1969, 1973;
Sabelberg and Rohdenburg 1975; Werner, 1971).
Blumel (1982) also expressed doubt as to the dating, and although recognising
different depositional phases, proposes that the youngest deposits date to the last
glaciation (WOrm) whilst the slightly older generations have ages greater than 45
000 before present (B.P.). Dating can only be applied to the time and stage of
sub areal diagenesis and not the period of initiation of precipitation
(Subterrancous stage) (Blumcl, 1982).
Lancaster (1984a, 1984c) considered that Ward (1984a) and Yaalon and Ward
(1982) have placed too great an emphasis on the necessity for a mesic climate for
the formation of the pedogenic calcrete. There is, in fact, support for the
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contention that a state of semi-aridity only was reached; aeolian sediments
continued to accumulate at the same time, although it is possible that the rate
of deposition of these sediments was reduced (Lancaster, 1984c).
River incision into, and through, the Kamberg Calcrete Formation, the
Karpfenkliff Conglomerate Formation, and the Tsondab Sandstone Formation
was .initiated as a response to late Tertiary to early Pleistocene continental uplift
(Korn and Martin, 1957). The greater effect of this downcutting witnessed in the
Kuiseb system can probably be attributed to the stream capture on the inland
plateau resulting from the breaching of the Great Escarpment (Anon, Nid.)
The Disparate Models
The Low-Angle Fan Model
Besler's (1984) proposal has been extrapolated into a figure in this study as an
illustration (Fig. 6.2). This model shows plan proximal and distal sections prior
to the emplacement of the Sossus Sand Formation, illustrating the large
low-angle fans. Besler's (1984) concept ofJarge alluvial fans marking the end of
the Tsondab Sandstone Formation must be treated with caution, as no evidence
was found during this study for capping fluviatile or fluvially reworked aeolianites
west of the Karpfenkliff Conglomerates as is the case in coastal areas further
south (Ward, J.D., pers. comm., 1989; Ward, 1984a) when; the uppermost
deposits are of aeolian origin.
Besler (1984) lind Besler and Marker (1979) have also reported the presence
of a younger, cross-bedded sandstone, often containing calcium carbonate
nodules found in the form of ridges but never as cliffs. It appears to be less
compact and cohesive than the typical Tsondab Sandstone. The morphology and
distribution of this variant suggests that it may represent relict dunes derived
from weathering of the parent deposit (= Tsondab Sandstone Formation). A
particular example noted by Besler and Marker (1979: 158) east of Narabeb and
west ofTsondab Vlei (Fig. 6.3) was exarninedand showed close correlations with
the aeolian Tsondab Sandstone facies present along interfluves where
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Figure 6.2: Plan (a), proximal (b) and distal (c) cross-sections of the Tsondab
surface pre-Sossus Sand. Extrapolated from the Low-Angle F?Jl Model,
Figure 6.3: The variant sandstone dune (arrowed) of Besler anti Marker (1979)
east of Narabeb and west of Tsondab Vlei,
consolidation is poor, J.D. Ward (1989, pers, comm.) has also interpreted these
deposits as an erosive remnant of Facies C of the Tsondab Sandstone Formation.
The Axial Deposition Model
The conclusicns put forward by Ward (1984a, 1987), in what has been termed the
Axial Deposition Model in this study and extrapolated into a plan and cross
section figure (Fig. 6.4), have been confirmed along the Kuiseb River. This model
of sedimentation has now been extended south to the Tsondab and Tsauchab
axes where the sedimentary sequences have been shown, in general, to mirror the
sequence in the Kuiseb valley, although local variations are evident and an
additional facies (Facies G) is present.
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Figure 6.4: Idealised plan (a) and cross sections (b) of the Tsondab Sandstone
Formation based on the Axial Deposition Model.
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Other applicable studies
Wilkinson's (l987, 1988a, 1988b, 1988c) findings in the Tumas River Valley, to
the north of the current study area, have furnished little corroboration for the
Ftxiings of this study. Of the thirteen events which are thought to have occurred
within the Tertiary, only the first seven are seen by Wilkinson (1987, 1988a,
19::~b, 1988c) to furnish links with the deposition of the Tsondab Sandstone
Formation, Karpfenkliff Conglomerate Formation and Kamberg Calcrete
Formation. The deposits in the Tumas River area do not 'it into the facies
associati: nand sequence of the Tscndab Sandstone, but a basal conglomerate
(the Leeukop Conglomerate Formation) rests on the Namib Unconformity
Surface and is followed by aeolian and reworked aeolian units with gravel
stringers, aU of which are covered by up to two metres of sandy gravels which are
heavily cemented by gypsum. This deposit may represent a late
Tertiary. Quaternary equivalent of the Karpfenkliff' Conglomerate Formation
The Reconnaissance Mapping
Extension of the intensive mapping along the Kuiseb River valley to more
southerly areas has shown that the distal deposits proposed in the Alluvial Fan
Model are absent. Two base maps have been created, one (Fig. 6.5) as a
reconnaissance extension of Ward's {1984a, 1987) map (Fig. l.l) and cne
encompassing the more southerly study area (Fig. 6.6). The reconnaissance
mapping has shown also that general depositional sequences were repeated from
fluvial axis to fluvial axis during the time of accumulation of the Tsondab
deposits ai, • I; deposits. The additional facies that was recorded during the
study has be" 1 .xrrporated into this map with outcrop to sub outcrop status.
High linear type dunes identified by Lancaster (1989: as compound dunes
between the Tsondab and Tsauchab rivers were seen to expose outcrops and
suboutcrops of Tsondab Sandstone Formation indicating a higher fossil altitude
for these deposits in this area. Large mesas found especially around Tsondab
Vlei have been recognised as outcrop grading into suboutcrop ir; the south.
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Figure 6.5: Reconnaissance mapping of the central part of the 51t4y area
around the Tsondab River axis.
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The Two Dimensional Sections
The creation of a set of two dimensional sections is a downward extension of the
mapping exercise which aims to portray the situation that is believed to have
existed at the conclusicn of the Karpfenkliff fluvial phase and the Kamberg
pedogenic phase.
The sections must of necessity comprise some conjecture when it comes to the
illustration of deposits which have been removed during the re-incision of tbe
Kuiseb, Tsondab and Tsauchab Rivers. However, based on the remnants located
during the study and a spatial feel for these deposits gained during field
reconnaissance, it is felt that Ward's (1984a, 1987) model fairly represents the
probable appearance of the Tsondab Sandstone Formation and Karpfenkliff
Conglomerate Formations towards the end of deposition. The development of
the Tsondab Planation Surface is thought to have been associated with the active
fluvial regimes of the Karpfenkliff phase and the effects of the pedogenic
Karnberg Calcrete phase.
Remote Sensing
As can be seen from the remote sensing Illustrations the similarity of the deposits
of the Tsondab Sandstone to modem deposits of the Sossus Sand Formation
leads to an extremely complex image, which was deemed to be of little use in tbis
study. The enhanced picture (Fig. 5.33) cc-nprises a total err 262 144 pixels of
which 226 889 are unclassified, 4743 are identified as calcified conglomerates,
4961 as calcretes, 23 868 as fluvial deposito and 1953 as aeolian deposits.
Reference to the base illustration (Fig. 5.31) indicates immediately that the figure
for aeolian deposits is incorrect. Examination of the images leads to the
conclusion that surface enhancement processes are grouping outcrops of
Tsondab Sandstone with the sunlit sides of Sossus Sand dunes, and fluvial
features with the darker sides of Sossus Sand dunes, The identification of
conglomerate signatures seems, in some cases, to be more successful. It may be
concluded that satellite image processing is of little Use where an ancient
sedimentary deposit is similar to and in juxtaposition with a modern equivalent.
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Figure 6.7: Single spectral band green for the central Namib Desert.
Figure 6.8: Single spectral band red for the central Namib Desert.
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Figure 6.9: Single spectral band 3 infra red for the central Namib Desert.
A somewhat more useful result was achieved through the creation of images from
single spectral bands (Figs 6.7, 6.8,6.9), in which contrasts based on single colour
reflectivity provided better differentiation.
Dating
The main quest for knowledge on the age of the Namib has come from
researchers concerned with the evolution of the specific character of'Its fauna and
flora iinter alia Endrddy Younga, 1978, 1%2; Koch, 1.%1, 1962; Seely, 1978,
1984; Seely and Low, 1980; Tankard and Rogers, 1978; Val} Zinderen Bakker,
1975). Koch (1961, 1962) was one of the Iirst scientists to .postulate that the
Namib is an 'old' (Cretaceous) desert based on the diversity and adaptation of
the endemic fauna.
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Siesser, (1978: 105) has supported a younger age for the Namib "'... it is
suggested that major cooling upwelling of the Benguela in early late Miocene
times initiated aridification of the Namib desert:' He concludes that "evidence
presented ... suggests that major coolmg of the Benguela only became prominent
in late Miocene times, and rapid onshore desiccation probahly followed" (Siesser,
1978: U2). Van Zinderen Bakker's (1975) Oligocene age for the
beginning/intensification of aridity in the Namib is supported by the findings of
Shackleton and Kennett (19 ,"5)who have shown that Antarctic bottom water
temperatures first dropped to their present lows at that time.
Ward et al. (1983) have, however, pointed out that the cold Benguela Current
is not a necessary prerequisite for arid conditions to prevail in the central Namib.
Further Stocken (pers. comm. to J.D. Ward, 1987) has noted that remnants of
the end Cretaceous surface of the southern Namib are not everywhere deeply
leached and kaolinized (Ward, 1987), although such features, in association with
silcrete duricrusts, occur widely on these remnants (T.C. Partridge and R.R.
Maud, pers. comrn., 1989). The present of a very thick wedge (c. 4 km) of
Albian-Maastrichian sediments in the Walvis basin offshore of the central Namib
(Dingle and Scrutton, 1974; Ward, 1987) gives some support for placing the main
period of erosion prior to the formation of the Namib Unconformity Surface
within the Cretaceous. In addition, the incision of canyons by the larger ril ers
has been dated, albeit tenuously, to the end Tertiary (Korn and Martin, 1957)
by analogy with the deep incision of other southern African rivers (King, ]951,
1953; Partridge and Maud, 1987).
Dating of the final stages of arenite deposition may be possible through
palaeontological means. Within the upper layers of these deposits (and perhaps
deeper) clear fossil golden mole-like trails are preserved. These indicate the
presence of a creature similar to the dune inhabitant of the present day. There is
a possibility of dating genetically the time span for the diversification of these
creatures from their main family line (I). Ward, pers, comm.). It should be noted,
however, that most contemporary mammal lineages developed within the last 20
million years (R.R. Maud., 1990, pers, comm.; Smithers, 1983).
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The succession within the central Namib illustrates several different sets of
environmental circumstances. The skeletal nature of the Basal Breccia resting on
the Namib Unconformity Surface, together with the lack of weathering
penetrating into the the underlying Precambrian schists of the Damara sequence
is indicative of arid conditions (Ollier, 1978; Selby, 1977; Ward et aI., 1983; Ward
1984a, 1987). In this it contrasts notably with the deep weathering and
silicification of most remnants of the African surface preserved in areas to the
south of Luderitz, below which the Namib L nformity Surface has been cut
(T.e. Partridge and R.R. !l,1aud, pers, comm., 1989). The subsequent
accumulation of arenaceous sediments of the Tsondab Sandstone Formation is
illustrative ofdcsertie conditions, with various facies representing dune seas and
sand sheets, as well as ephemeral watercourse and pan/playa deposits. Moister
conditions seem to have prevailed in the western uplands, leading to the
widespread accumulation of pan/playa deposits.
A prevailing southerly wind regime can be shown to have been in force by
reference to cross-stratification in the palaeodune deposits. The distribution of
the fluvially reworked arenite facies indicates that there was perhaps less water
available from the Escarpment than today, as deposits of this kind extend only
as far as Gomkaeb in the Kuiseb River valley. and slightly further west than
Tsondab Vlei in the Tsondab valley. The westward extent of these sediments in
the Tsauchab was intermediate, reaching towards the present Sossusvlei; the
actual extent, however, could not be accurately determined due to lack of
downcutting into the conglomerates.
Dating of the Tsondab Sandstone has proved to be contentious. Besler and
Marker (1979) effectively evaded the issue by assigning the deposits a Tertiary to
Recent age, a range since adopted by SACS (1980). As Siesser (1978: 106) has
asked, "What unequivocal evidence do we have which indicates the age of this
desert?". Ward's (1984a, 1987) contention that the pre-incision deposits of the
central Namib are of early Tertiary age is based upon the assumption that the
incision of these rivers is a response to epeirogenic uplift in the late Tertiary, a
proposal first postulated by Korn and Martin (1957). Partridge and Maud (1987)
have shown that major uplift occurred in the south-eastern hinterland of the
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subcontinent also in Pliocene times; smaller movements characterised the west
coast area.
Lancaster (1984c) accepted tLl', ~'heTsondab Sandstone Formation represents
the remains of a massive sand sell made up of sand sheets, dunes and fluvio
lacustrine deposits which accumulated during the Palaeogene. The lack of fossils
is, however, a major problem in the dating of these deposits. Three biologic traces
were encountered during this study. Firstly, rermitaria-like features are common,
but provide no real dating evidence. Secondly fOSSIlostrich egg shells (resembling
Struthio oshanaiy (J.D. Ward, pers. comm., 1989, - identified by Sauer) have been
found; however, these offer little dating potential, giving the deposits an age by
relation only. Thirdly, traces of a golden mole like creature have been
encountered (Fig. 6.10). These trails are very similar to those of today. Genetic
differentiation calibration has been attempted in various parts of the world (D.
Ward, 1989, pers. cornm.) lind could possibly provide an age estimate for these
deposits. A possible dating technique suggested by Ollier (1977) for use on the
Tsondab Sandstone Formation is palaeomagnetism; the sands of some of the
facies carry a good oxide patina, which might permit a magnetostratigraphy to
be established. The only other way of dating these deposits is by way of their
boundary relations"
Coetzee (I978a, 1978b, 1980), like Van Zindcrcn Bakker (1975), also reached
the conclusion that the onset of extreme aridity along the Namibian and western
Cape coasts was inextricably linked to the evolution of Antarctic glaciation.
Coetzec's (1978a, 1978b) analyses of pollen supported Tankard and Rogers
(1978) contention that major aridification of the subcontinent dates from the
Pliocene. Coetzee (1978a) also guardedly raised the possibility that arid
conditions over the sub-continent could date further back than the onset of cold
upwelling. More recently Van Zinderen Bakker (1984) has supported a late
Miocene age for the onset of aridity and has linked its origin to fully fledged
upwelling within the Benguela system. This latest proposal is based upon
palynological evidence from Deep Sea Drilling Project holes 532 and 530, leg 75.
Ollier (1977: 211) has suggested a "pre-upper Cretaceous and or Iurassic" age
for the Namib Unconfomuty Surface. He further suggested that after their
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Figure 6.10: Burrows of a golden mole like creature (arrowed) within the
aeolian facies of the Tsondab Sandstone Formation south of Swartbank.
accumulation a new erosion surface was cut across the deposits making up the
Tsondab Sandstone Formation. This erosion surface was referred to as the
Tsondab Planation Surface, described as a "vast pediment" (Ollier, 1977: 208)
which stretched from the Escarpment to the Atlantic Ocean. Ollier (1977) saw
the Tsondab Planation Surface as a second distinct datum in the geomorphic
history of the area "separating the period of accumulation of the Tsondab
Sandstone Formation from the later history of fluvial erosion and wind
deposition" (OIlier, 1977: 208). He visualised the subsequent emplacement of the
Karpfenkliff Conglomerate Formation as a period of sheetflood deposition, these
thick deposits then being cemented into conglomerates. The Gomkaeb Basal
Breccia has been assigned a Tertiary age because of an apparent correlation with
the Tafelberg Quartzites (Ward et al., 1983). The Tsondab Sandstone Formation
has been equated (Martin, 1950) to aeolianites of the Upper Buntfeldschuh
Formation, in the southern Namib. These aeolianites overlie mid-Eocene marine
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sediments and are capped by end-Miocene pedogenic calcretes (Stocken, pers.
COIIh"11. to J.D. Ward, 1987).
The Karpfenkliff Conglomerate Formation has several age interpretations.
W ..rd (1984a, 1987) and Martin (pers. comm. to J.D. Ward, 1981) have
postulated an early to mid-Miocene age for these deposits, whilst the pedogenic
calcretes capping the interfluves have been cq rated to similar duricrusts of
end-Miocene age in the southern Namib (Ward et al., 1983; Ward, 1984a, 1987).
Ollier (1977) has associated the calcretes capping the Precambrian schists to
the north of the Kuiseb and on outer .ps in the western part of the study area
with the "Basement Conglomerate". However, the Karnberg Calcrete Formation
on the Tsondab Sandstone Formation is identical t'J that developed directly on
the Damaran bedrock, and the Gomkaeb Basal Breccia shows no signs of
pedogenic calcrete development, although it is thoroughly permeated by
carbonate. Further, the calcretes developed on the Damaran metasediments have
few or no breccia components. These deposits on examination turn out to be the
deposits of Facies F Zebra Pan Carbonate Member discussed earlier. OIlier's
(1977) linkages arc therefore questioned.
A late Cretaceous age has been postulated for the formation, or exhumation,
of the Namib Unconfbrmity Surface by others (Martin, 1950, 1973, 1975; Ollier,
1977; Ward et al., 1983; Ward, 1984a, 1987). Partridge (1985) and Partridge and
Maud (1987. 1989) have, however, recognised t!le Namib Unconformity Surface
as a mid Miocene planation surface. Partridge (1985) also drew attention to the
weak development of the Benguela Current during the middle to late Oligocene,
accepting available palaeontological evidence that the system only intensified and
became fixed during the late Miocene. The intensification of this system is linked
to the stable circulation of the South Atlantic Anticyclone as a main cause of
aridification; these factors are seen by Partridge (985) as being responsible for
the conditions which led to the emplacement of the aeolian Tsondab Sandstone
Formation. Partridge (1985) further postulated that maximum aridity within the
area did not occur in pre-Miocene times as has been suggested by some, but
during the Pleistocene, when the present Sossus Sand Formation accumulated,
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Partridge (l985) and Partridge and Maud (1987) have suggested that
planation continued relatively continuously from the time of continental rifting
until the mid Tertiary. They also point out, however, that the resulting surface
is generally capped by thick ferruginous or siliceous duricrusts beneath which
deep kaolinized profiles are developed (Partridge ana Maud, 1989). Such deep
weathering and duricrusts are, however, absent on the Namib Unconformity
Surface. Partridge (1985) sees the planation of the Namib Unconformity Surface
as commencing with mid-Tertiary uplift of the subcontinent, an uplift that was
associated also with a westerly t.ilting. Partridge and Maud (1988) cite the early
to mid Tertiary deposits from Arrisdrift, Elizabeth Bay and Bosluispan as
evidence that mesic conditions were in operation in these ar.as during the mid
Tertiary. They have recently noted the presence of a regionally extensive silcrete
duricrust capping deep weathering profiles under a well planed surface (the
African Surface) marking the Cretaceous-Tertiary (K-T) boundary and dating no
younger than the Palaeocene; remnants of this surface are still preserved owing
to the lack of "eo gene modification in parts of southern Africa. In Namibia
Partridge and Maud (1989) have recorded this < surface underlying the
Buntfeldschuh Formation and the Langental Beds south of'Luderitz.
Partridge and Maud (1988) indicate that the Namib Unconformity Surface is
cut below kaolinized and silcrete capped remnants of the African surface, and
represents a major cycle of planation which removed all of the original African
Surface in the central Namib, The Namib Unconformity Surface is, in their view,
referable to the Post-African 1 cycle resulting from early to mid-Miocene uplift
and tilting. Partridge and Maud (i989, pers, comrn.) have, through altimetric
studies, concluded that, in the southern Namib, remnants of the African Surface
haw a tectonically induced southerly gradient. This inclined surface is deeply
dissected and is absent to the north of Luderitz, where it gives way to the lower
Namib Unconformity Surface (Fig. 6.11). The lack of a deeply kaolonized and
silicified surface underlying the Tsondab Sandstone Formation confirms the
correlation of the Namib Unconformity Surface with the Post African 1 surface.
Late Miocene intensification of upwelling in the Benguela system then led to
aridificatio:n and emplacement of the dunes, sand sheets and ephemeral
watercourse deposits which make up the Tsondab Sandstone Formation,
Partridge and Maud (1988) also believe that the maximum extension of the
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POSTULATED PRE-PLANATION
AFRICAN SURFACE
s
SOUTHWARD DIPPING DISSECTED
AFRICAN SURFACE CAPPED BY
CAINOZOIC· TERTIARY SILCRETE
AND A KAOLINIZED WEATHERING
PROFilE
Figure 6.11: Relationship of the Xamib Unconformity Surface to the African
surface stylised after Partridge and Maud (1989, pers. com.)
~amib Sand Sea (= Sossus Sand Formation) occurred during the Pleistocene.
This would allow up to fifteen million years for the deposition of the considerable
thicknesses of terrestrial sediments t"at make up the Tsondab Sandstone
Formation, the cementation and diagenesis of these sediments, planation to form
the Tsondab Planation Surface, the emplacement of the Karpfenkliff
Conglomerate Formation with subsequent development of the Karnberg Calcrete
Formation, and subsequent erosional and aggradatronal events associated with
the downcutring of the major fluvial channels in the area.
Two main dating frameworks can thus be set up (Table 6.1). The choice of
which is correct must await further evidence and hor<:fully the acquisition of
dateable nr 'erial.
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Table 6.1: The two main chronological frameworks for the Tsondab
Sandstone and associated Formations.
~OLDARGU~ENT'
__ ~VIiTardet at (1983)
"XEW ARGUMENT"
(Partridge, 1985;Maud and Partridge 198R)
:\fid;-lleto Late Miocene
Early to Middle Miocene
Oligocene-Eocene
Palaeocene
DEPOSIT
Pliocene, Pleistocene
Upper Pliocene
Mid to Late Miocene
Mid Miocene
Kamberg Calcrete
IKarpfenkliff Cor.glomerate
'ITsnndab SandstoneIGomkaeb Basal Breccia
******..)***
A discussion based on earlier chapters has been presented
in Chapter 6 together with an extensive discussion of the
dating problem associated with the Tsondab Sandstone
Formation. These all lead to the conclusions reached in
Chapter 7.
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CHAPTER 7
CONCLUSIONS
The work undertaken within this study through mapping, topographic
interpretation, areal analysis and satellite image processing along with intensive
literature reviews, has led the author to the conclusion that what has been termed
the Axial Deposition Model in this study, not only explains the depositional
sequence along the Kuiseb axis but can be extrapolated to deposits throughout
the study area. The Low Angle Fan Model is problematical because, although
near Escarpment erosion (Randfurche) is strongly evident, distal alluvial fans are
absent. The only large, well developed alluvial fans are those of the Karpfenkliff
Conglomerate Formation, which are notably absent in distal areas, and in
addition, ate mainly cobble conglomerates with little sand input, and are found
mainly in proximal near-escarpment areas.
The origin of the sands of the Tsondab Sandstone Formation is a
controversial issue. Local sources from whirh to derive such substarr .al
quantities of sand do not exist in the form of .. edable sedimentary strata. The
three most likely sources are fluvial input from erosional retreat of the Great
Escarpment and high lying interior regions, coupled with inshore aeolian
transport of sands exposed during marine regressions, and longshore drift of
sands from the Orange River mouth.
The surface form of the Tsondab Sandstone Formation and reference to
standard models of desert landform development in northern deserts seems to
have been the main factor which led Besler (1980) to propose what has been
termed in this study the Low Angle Fan Model, The surface is, however, mainly
a planation feature, a fact recognised by OIlier (1977); it shows evidence of large
scale erosion with only minor depositional modification. This planation is
thought to have been slightly earlier or contemporary with the Karpfenkliff
fluvial phase, which in any case occurred after consolidation of the Tsondab
Sandstone. The results of this study suggest the existence of a large-scale
repetitive facies sequence in the central Namib, as originally proposed by Ward
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(1984a, 1987). This sequence is shown to be duplicated along all of the fluvial
axes of the study area.
Satellite image processing was used in the study but was not found to be a
technique applicable to the study of sedimentary bodies when these are partially
mantled by deposits of a similar nature, and where lighting angle and intensity
interferes with the results.
Dating of the deposits (If the Tsondab Sandstone Formation remains a matter
of debate. Although not tackled as a major problem in this study, a fairly
intensive 1eview has been undertaken and presented as a discussion in Chapter
6. Before any final conclusion can be reached about the dating of the Namib
Unconformity Surface, Tsondab Sandstone Formation, Karpfenklilf
Conglomerate Formation, Kamberg Calcrete Formation and subsequent events,
detailed exploration of me whole extent of the deposits with a major aim of
discovering dateable deposits will have to be undertaken.
Cursory examination l'! deposits to the south of the study area was
undertaken between the Tsauchab River and Luderitz-Aus read in me proximal
areas and Showed no significant differences when compared to the cyclical
deposits of the study area. Detailed investigation of these deposits is also
recommended.
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Cross sections north to south
Appendix 1
1.Base orientational map for cross sections.
2. Cross section A. 14°4S'E.
3. Cross section B. ISoE.
4. Cross section C. 15°is'E.
5. Cross section D. Is030'E.
6. Cross section E. Is04S'E.
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Appendix 1.4: Cross section C. 15·15' E.
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Appendix 1.5: Cross section D. 15°30' E.
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Appendix 2
Cross sections east to west
1. Base orientational map for cross sections.
2. Cross section F.23°15'5.
3. Cross section G. 23°30'5.
4. Cross section H. 23°45'5.
5. Cross section I.24·S.
6. Cross section J. 24°15'5.
7. Cross section K. 24°30'S.
8. Cross section L. 24"45'S.
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Appendix J
Recent Satellite Images AvailabJe fur the Central Namib Desert.
1. WRS 179-076 from 20th May 1984 to 17th August 1987.
2. WRS 179-076 from 18th October 1987 to 7th October 1989.
3. WRS 179-077 from 4th May 1984 to 1st September 1987.
4. WRS 179-077 from 17th September 1987 to 7th October 1989.
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Appendix 3.2: \VRS 179-076 from 18th October 1987 to 7th October
1989.
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Appendix 3.3: WRS 179·077 from ,qth May 1984 to 1st September
1987.
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Two Dimensional Sections or Sedimentation in the Central Namib
Appendix 4
1. Base orientational map for cross sections.
2. Cross section A. 14°45' E.
3. Cross section B. 15° E.
4. Cross section C. 15°15' E.
5. Cross section D. 15°30' E.
6. Cross section E. 15°45' E.
7. Cross section F. 23°30' S.
8. Cross section G. 23°30' S.
9. Cross section H. 23°45' S.
10. Cross section 1. 24° S.
11. Cross section J. 24°15' S.
12. Cross section K. 24°30' S.
13. Cross section L. 24°45' S.
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Appendix 4.1: Base orientational map for cross sections
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Appendix 4.2: Cross section A. 14°45' E.
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Appendix 4.3: Cross section B. 15° E.
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Appendix 4.4: Cross section C. 15°15' E.
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Appendix 4.5: Cross section D. 15°30' E.
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Appendix 4.6; Cross section E. 15'45' E.
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Appendix 4,7: Cross section F. 23°15' S.
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Appendix 4.8: Cross section G. 23°30' E.
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Appendix 4.9: Cross section H. 23°..15' S.
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Appendix 4.10: Cross section 1. 24° S.
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Appendix 4 u. C. . ross section 1.24'15' S.
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